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(57) Abstract 

The invention provides hydrazine derivatives of formula (I) wherein R 1 is lower alkyl, lower alkenyl, lower cycloalkyl, lower 
cycloalkyl-lower alkyl, aryl or aryl-lower alkyl; R 2 is an acyl group derived from an a- /?-, 7- or 5-(amino, hydroxy or thiol) carboxylic 
acid in which the amino, hydroxy or thiol group is optionally lower alkylated or the amino group is optionally acylated, sulphonylated or 
amidated and in which any functional group present in a side-chain is optionally protected, or a group of the formula Het(CH2) m CO; R 3 
is hydrogen, lower alkyl, halo-lower alkyl, cyano-lower alkyl, amino-lower alkyl, hydroxy-lower alkyl, lower alkoxy-lower alkyl, lower 
alkoxycarbonyl-lower alkyl, lower cycloalkyl-lower alkyl, aryl-lower alkyl, heterocyclyl-lower alkyl, heterocyclylcarbonyl-lower alkyl, 
lower alkenyl, lower alkynyl, lower cycloalkyl, aryl-lower alkenyl, aryl or heterocyclyl; R 4 is lower alkyl, lower alkenyl, lower cycloalkyl! 
lower cycloalkyl-lower alkyl or a grouping of the formula X-aryl, X-heteroaryl or (CH 2 ) n -CH=CR 5 R 6 ; R 5 and R 6 together are lower 
alkylene in which one CH2 group is optionally replaced by a hetero atom; Het is heterocyclyl; X is a spacer group; m is 0, 1, 2, 3 or 4; and 
n is 1 or 2; and their pharmaceutical^ acceptable salts inhibit the release of tumour necrosis factor alpha (TNF— a) from cells. They can 
be used as medicaments, especially in the treatment of inflammatory and autoimmune diseases, osteoarthritis, respiratory diseases, tumours, 
cachexia, cardiovascular diseases, fever, haemorrhage and sepsis. 
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Hydrazine Derivatives 

The present invention is concerned with novel hydrazine derivatives, a process 
5 for their manufacture and medicaments containing them. The invention is also 

concerned with the use of these derivatives as medicaments and for the production of 
medicaments. 

The hydrazine derivatives provided by the present invention are compounds 
10 of the general formula 



O R 1 




H 



2 



^3 



R O R~ 
wherein 

\0 represents lower alkyl, lower alkenyl, lower cycloalkyl, lower 

15 cycloalkyl-lower alkyl, aryl or aryl-lower alkyl; 

R- represents an acyl group derived from an CX- , f$-, y- or S-(amino, 

hydroxy or thiol)carboxylic acid in which the amino, hydroxy or thiol 
group is optionally lower alkylated or the amino group is optionally 
acylated, sulphonylatcd or amidatcd and in which any functional 
-0 group present in a side-chain is optionally protected, or a group of the 

formula Hel(CH2) m CO; 

R3 represents hydrogen, lower alkyl, halo-lower alkyl, cyano-Iower alkyl, 

arnino-lower alkyl, hydroxy-Iower alkyl, lower alkoxy-lower alkyl, 
lower alkoxycarbonyl-lower alky], lower cycloalkyl-lower alky], aryl- 
25 lower alky), heterocyclyl-lower alkyl, heterocyclylcarbonyl-lower alkyl, 

lower alkenyl, lower alkynyl, lower cycloalkyl, aryl-lower alkenyl, aryl 
or heterocyclyl; 

R 4 represents lower alkyl, lower alkenyl, lower cycloalkyl, lower 

cycloalkyl-lower alkyl or a grouping of the formula X-aryl, 
30 X-heteroary] or -(CH2) n -CH=CR5R6 ; 

R 5 and R 6 together represent lower alkylene in which one CH2 group is 

optionally replaced by a hetero atom; 

Het represents heterocyclyl; 

X represents a spacer group; 

35 m stands for 0, 1, 2, 3 or 4; and 
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n stands for 1 or 2; 

and pharmaceutical!)' acceptable salts thereof. 

The hydrazine derivatives provided by the present invention are inhibitors of 
5 tumour necrosis factor alpha (TNF-a) release from cells. They can be used as medica- 
ments, especially in the treatment of inflammatory and autoimmune diseases (e.g. 
rheumatoid arthritis, inflammatory bowel disease, multiple sclerosis and psoriasis), 
osteoarthritis, respiratory diseases (e.g. asthma and chronic obstructive pulmonary 
disease), tumours, cachexia, cardiovascular diseases (e.g. congestive heart failure), 
10 fever, haemorrhage and sepsis. 



In contrast to structurally related hydroxamic acid derivatives, the hydrazine 
derivatives provided by the present invention show only weak inhibitory activity 
against the matrix metalloproteinase (MMP) family of enzymes, such as collagenases, 
15 stromelysins and gelatinases. 



As used herein, the term "lower alkyl", alone or in combination as in, for 
example, "halo-lower alkyl"or "lower cycloalkyl-lowcr alkyl", means a straight-chain 
or branched-chain alkyl group containing up to 8, preferably up to 4, carbon atoms, 
20 e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec. butyl, tcrt-butyl, n-pentyl 
and n-hexyl. 



The term "halo-lower alkyl" means a lower alkyl group as defined earlier 
which carries one or more halogen atoms. Examples of halo-lower alkyl groups are 
25 chloromethyl, trifluoromethyl and 2,2,2-trifluoroethyl. 



The term "lower alkoxy", alone or in combination as in "lower alkoxy- 
carbonyl", means a lower alkyl group as defined above which is bonded via an oxygen 
atom, e.g. methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy and tert- 
30 butoxy. Methoxycarbonyl, ethoxycarbonyl and the like are examples of lower alkoxy- 
carbonyl groups. 



The term "lower cycloalkyl", alone or in combination as in "lower cycloalkyl- 
lower alkyl", means a cycloalkyl group containing 3 to 7 carbon atoms, i.e. cyclo- 
35 propyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. Cyclopropylmethyl, 2- 
cyclobutyl-ethyl and 3-cyclohexyl-propyl are examples of lower cycloalkyl-lower alkyl 
groups. 
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The term "lower alkenyl", alone or in combination as in "aryl-lower alkenyl", 
means an alkenyl group containing from 2 to 7 carbon atoms, e.g. ally], vinyl and 



The term "lower alkylene" means an alkylene group containing from 2 to 6 
carbon atoms, e.g. dimethylene, trimethylene, tetramethylene etc. Thus, R 5 and R 6 
together with the carbon atom to which they are attached can represent, for example, 
a cyclopentane or cyclohexane ring. One CH 2 group may optionally be replaced by a 
heteroatom. Such heteroatom can be selected from NH, S, or O wherein the hydrogen 
in the NH group may optionally be substituted by a lower alkyl group. For example, 
where R 5 and R 6 together with the carbon atom to which they are attached form a 
tetrahydropyrane ring. 

The term "lower alkynyl" means an alkynyl group containing from 2 to 7 
carbon atoms, e.g. propanyl or butynyl. 

The term "aryl", alone or in combination as in "aryl-lower alkyl", means 
phenyl or naphlhyl optionally substituted by halogen, i.e. fluorine, chlorine, bromine 
or iodine, lower alkyl, lower alkoxy, trifluoromethyl, hydroxy, lower alkoxycarbonyl, 
nitro, phenyl or the like, e.g. phenyl, 1-naphthyl, 2-methylphenyl, 4-mcthoxyphenyl, 
2,4-difluorophenyl, 4-nitrophenyl and 4-mcthoxycarbonylphenyl. Benzyl, 4-chIoro- 
benzy), 4-bromobenzyl, 3-hydroxybenzyI, 4-mcthoxybenzyl, 4-nitrobenzyI, 2-phcnyI- 
ethyl, 3,4-dimelhoxy-phenethyl and the like are typical examples of aryl-lower alkyl 
groups and benzyloxy, 4-chlorobenzyloxy and 4-nitrobenzyloxy are typical examples 
of aryl-lower alkoxy groups. 2-Phenylvinyl and 3-phenylallyl can be mentioned as 
examples of aryl-lower alkenyl groups. 

The term "heterocyclyl", alone or in combination as in "heterocyclyl-lower 
alkyl", means a 4-, 5-, 6- or 7-membered saturated or partially unsaturated or 5- or 6- 
membered aromatic heterocyclic ring which is bonded via a C atom or secondary N 
atom (i.e. -NH-), which contains one or more, preferably 1 to 4, hetero atoms selected 
from nitrogen, sulphur and oxygen and/or a SO or SO2 group and which is optionally 

substituted by e.g. halogen, lower alkyl, lower alkoxy, imino, thioxo and/or oxo 
and/or optionally benz-fused. Examples of such heterocyclyl groups are pyrrolidinyl, 
pyrrolinyl, pyrazolinyl, piperidinyl, N-methylpiperidinyl, morpholinyl, 
thiamorpholinyl, thiamorpholinyl S,S-dioxide, tetrahydropyranyl, tetrahydro- 
thiopyranyl, hexahydroazepinyl, furyl, thienyl, thiazolyl, oxazolyl, isoxazolyl, oxetanyl, 
imidazolidinyl, dioxolanyl, pyrrolyl, pyridyl, pyrimidinyl, benzofuranyl, benzothienyl, 



butenyl. 
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benzthiazolyl, 1 ,2,3,6-tetrahydro-2,6-dioxo-4-pyrimidinyl, 2-thioxo-4-oxo-5- 
thiazolidinyl, l-methyl-3-pyrrolyl, indolyl, isoindolyl, e.g. phthalimido, quinolyl and 
isoquinolyl. 



5 The term "heterocyclylcarbonyl" means a heterocyclyl group as previously 

defined which is bonded to C(O) via a secondary N atom. Morpholinocarbonyl is a 
typical example of such a heterocyclylcarbonyl group. 

The term "heteroaryl" means an aromatic heterocyclic group within the 
10 definition of "heterocyclyl". 

The term "halo" means fluoro, chloro, bromo or iodo unless specifically 
indicated to the contrary. 

15 An acyl group R 2 can be derived from a L-, D- or racemic amino-, hydroxy- or 

thiolcarboxylic acid when such an acid contains a chiral centre. Thus, R 2 can 
represent an acyl group derived from an a-aminocarboxylic acid such as glycine, L- or 
D-alanine, L- or D-valine, L- or D-leucine, L- or D-lysine, L- or D-serine, L- or D- 
phenylalanine, 2-amino-n-butanoic acid or 2-amino-n-pentanoic acid. P-Alanine, 3- 

20 aminobutanoic acid and 3-amino-2-methylpropanoic acid are examples of (3-amino- 
carboxylic acids from which an acyl group R 2 can be derived. The amino moiety of 
an acyl group R 2 can be optionally mono- or di-Iower alkylated as in the case of e.g. 
N-methylglycyl, N,N-dimethylglycyl, N,N-diethylglycyl, N-methyl-alanyl, or acylated 
as in the case of e.g. N-acetylglycyl or N-acetyl-alanyl, or amidated, e.g. as in the case 

25 of N-aminocarbonylglycyl and N-aminocarbonylalanyl. When R 2 represents an acyl 
group derived from an a-, (3-, y- or 5-hydroxycarboxylic acid, the latter can be, for 
example, an a-, (3-, y- or 5-hydroxyalkanecarboxylic acid, such as e.g. hydroxyacetic 
acid, 2-hydroxypropionic acid and the like. The hydroxy group of an acyl group 
derived from an a-, (3-, y- or 5-hydroxycarboxylic acid can be lower alkylated as in the 

30 case of e.g, methoxyacetyl. Further, when R 2 represents an acyl group derived from an 
a-, P-, y- or 5-thiolcarboxylic acid, the latter can be, for example, an a-, (3-, y- or 5- 
thiolalkanecarbo\7lic acid, e.g. mercaptoacetic acid. Here again, the thiol group can 
be lower alkylated, e.g. in the case of methylthio-acetic acid. Moreover, the acyl group 
R 2 can be derived from a carboxylic acid of the formula R a -COOH, wherein R a 

35 represents 3-7C cycloalkyl which is substituted by amino, hydroxy or thiol in the 1-, 
2-, 3- or 4-position, preferably by amino in the 1 - position (oc-amino). Examples of 
such carboxylic acids are 1-amino-l-cyclopropanecarboxylic acid, 1-amino-l- 
cyclopentanecarboxylic acid, 1 -amino- 1-cyclohexanecarboxylic acid, 4- 
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aminocyclohcxanecarboxylic acid. 

Preferably, R 2 represents an acyl group derived from an a- or 3-(amino, 
hydroxy or thiol)carboxylic acid in which the amino, hydroxy or thiol group is 
5 optionally lower alkylated or the amino group is optionally acylated, amidated or 
sulphonylated, preferably acylated or amidated, and in which any functional group 
present in a side-chain is optionally protected, or a group of the formula 
Het(CH2)niCO in which m stands for 0, 1 or 2. 

10 In particular, R 2 represents an acyl group R 8 CO, wherein R 8 is an a-, (3-, y- or 

5- (amino, hydroxy or thiol) substituted lower alkyl, lower cycloalkyl or side-chain of 
a natural amino acid, in which the amino, hydroxy or thiol group is optionally lower 
alkylated or the amino group is optionally acylated, sulphonylated or amidated and in 
which any functional group present in a side-chain is optionally protected, or a group 

15 of the for mu I a Het(CH2)m, in which m stands for 0, 1, 2, 3 or 4. In one preferred 

example, R K represents an a- or (3- (amino, hydroxy or thiol) substituted lower alkyl, 
lower cycloalkyl or side chain of a natural amino acid, in which the amino, hydroxy or 
thiol group is optionally lower alkylated or the amino group is optionally acylated, 
amidated or sulphonylated, preferably acylated or amidated, and in which any 

20 functional group present in a side-chain is optionally protected, or a group of the 

formula Hct(CH 2 ) m in which m stands for 0, 1 or 2. In another preferred example, R s 
represents a 3-7C cycloalkyl which is substituted by amino, hydroxy or thiol in the 
2-, 3- or 4- position, preferably by amino in the 1- position (ot-aniino). In other 
preferred examples, R H represents an CX-amino-substituted lower alkyl, an oc-amino- 

25 substituted side chain of a natural amino acid, an a-amino-substituted lower 

cycloalkyl, an Ct-hydroxy-substituted lower alkyl or an a-hydroxy-substituted side 
chain of a natural amino acid. 

Any functional (i.e. reactive) group present in a side-chain of an acyl group 
30 denoted by R 2 may be protected, with the protecting group being a group which is 
known per se in peptide chemistry. For example, an amino group can be protected by 
a tert.-butoxycarbonyl, formyl, trityl, benzyloxycarbonyl, 9-fluorenylmethyloxy- 
carbonyl (Fmoc), trifluoroacetyl, 2-(biphenylyl)isopropoxycarbonyl or isobornyloxy- 
carbonyl group or in the form of a phthalimido group. A carboxy group can be 
35 protected in the form of, for example, an ester such as the methyl, ethyl, tert.-butyl or 
benzyl ester. Protection of a hydroxy group can be in the form of an ether, e.g. the 
methyl, tert.-butyl, benzyl or tetrahydropyranyl ether, or in the form of an ester, e.g. 
the acetate. A mercapto group can be protected, for example, by a tert.-butyl or 
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benzyl group. 

The spacer group denoted by X can be, for example, a grouping of the formula - 
(CH 2 ) P -Y-( CH;») M - in which p and q each independently stand for 0, ] , 2, 3, 4 or 5, 

5 preferably 0, 1 , 2 or 3, and Y is absent or represents ~CH=CH-, -C=C-, -S-, -O-, -NH-, - 
NHCO-, -CONH-, -S0 2 -> -NHS0 2 -, -SO.NH-, -NHCONH- or -NHS0 2 NH-. Typical 
examples of such spacer groups are -(CH2)p-> -CH2-CH=CH-, -CH2-C=C-, - 
CH2NHCO-, -(CH2) n NHCONH-, -(CH2)p-S-, -S-, -CH2NHSC>2-> -CH2NHCH2-, - 
(CH2)p-0- and -0-(CH2)q-> wherein n has the significance given earlier and p and q 

10 stand for an integer of 1 to 5, 

Compounds of formula I which are acidic form pharmaceutical^ acceptable 

salts 

with bases such as alkali metal hydroxides, e.g. sodium hydroxide and potassium 
15 hydroxide, alkaline earth metal hydroxides, e.g. calcium hydroxide, barium hydroxide 
and magnesium hydroxide, and the like. Those compounds of formula I which are 
basic can form pharmaceutically acceptable salts with inorganic acids, e.g. with 
hydrohalic acids such as hydrochloric acid and hydrobromic acid, sulphuric acid, 
nitric acid and phosphoric acid, and with organic acids, e.g. with acetic acid, tartaric 
20 acid, succinic acid, fumaric acid, maleic acid, malic acid, salicylic acid, citric acid 
methanesulphonic acid and p-toluenesulphonic acid. 

It will be appreciated that, although the formulae presented herein show the 
respective compounds in their absolute stereochemistry, the invention embraces not 
25 only the depicted stereoisomers, but also the corresponding racemates and diastereo- 
isomeric mixtures. The 1(S) compound is the preferred product or, in other terms, 
which are independent from the R or S terminology, it means that R 4 in a compound 
of formula (I) is "down" of the paper plane. Further, when the spacer group denoted 
by X contains an olefinic double bond, as in -CH2-CH=CH-, this can have the (E) or 

30 (Z) configuration, preferably the (E) configuration. 

Preferred compounds of formula I are those in which R* represents lower 
alkyl, especially isobutyl, or lower cycloalkyl-lower alkyl, especially cyclobutylmethyl 
or cyclopentylmethyl. R 2 preferably represents an acyl group derived from an ct- 
35 aminocarboxylic acid or from an cc-hydroxycarboxylic acid or a group of the formula 
Het(CH2) m CO, especially where m stands for 0 or 1. R 3 preferably represents lower 
alkyl, especially isobutyl, halo-lower alkyl, lower cycloalkyl-lower alkyl, aryl-lower 
alkyl, aryl or hcterocyclyl. R 4 preferably represents a grouping of the formula X-aryl, 
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Particularly preferred compounds of formula I are: 

(E)-2 , -(D-Alanyl)-2(R)-[l(S)*(hydroxycarbamoyl)-4-phenyl-3--butenyl]-2 , - 



isobutyl-4-methylvalerohydrazide; 

(E)-2(RHl(S)-(hydroxycarb^ 
propionyl)-2'-isobutyl-4-methylvalerohydrazide; 

(E)-2(R)-[ l(S)-(hydroxycarbamoyI)-4-phenyl-3-butenyl]-2 , -[2-(l-imida- 
10 2olyl)acetyl]-2'-isobutyl-4-methylvalerohydra2ide; 

(E)-2(R)-| l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4- 
methyl-2^ (4-piperidinyI)carbonyl]valerohydrazide; 

and pharmaceutically acceptable salts thereof. 

15 Another preferrred compound of formula I is 2 , -Ben/.yl-2(R)- 

[l(S)-(hydroxycarbamoyl)-4-phenylbutyl]-4-methyl-2 -[2-(] H-l t 2,3-tria/.ol-]- 
yl)acetyl)valerohydrazide or the pharmaceutically acceptable salt thereof. 

20 According to the process provided by the present invention, the novel 

hydrazine derivatives defined earlier are manufactured by cleaving off the protecting 
group denoted by R 7 and, as required, any protecting group(s) present in R 2 ^ and/or 
R 30 f rom a compound of the general formula 



25 




30 



wherein Rland R 4 have the significances given earlier, R 7 represents a 
protecting group and R 2 ^ has the same significance as R 2 hereinbefore, 
provided that in the case of an acyl group the amino, hydroxy or thiol group 
(when not lower alkylated, acylated, sulphonylated, or amidated as specified 
under R 2 ) is optionally protected and any functional group present in a side- 
chain is optionally protected and R 30 has the same significance as R 3 
hereinbefore provided that any amino or hydroxy group present therein is 
optionally protected, 



35 



and, if desired, converting a compound of formula I obtained into a pharmaceutically 
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acceptable salt. 

The protecting group denoted by R 7 in a compound of formula II can be any 
conventional protecting group, preferably tetrahydropyranyl, benzyl, 4-methoxy- 
5 benzyl or tri(lo\ver alkyl)silyl, especially tert-butyldimethylsilyl. Likewise, any 

protecting group present in R^O ca n be a conventional protecting group; examples of 
such groups have been discosed earlier in connection with the protection of 
functional groups in R 2 . 

10 The cleavage of the protecting group denoted by R 7 from a compound of 

formula II is carried out according to methods known per se. For example, the 
tetrahydropyranyl group can be cleaved off by treatment with acid, e.g. hydrogen 
chloride in dioxan or a sulphonic acid, e.g. a lower alkanesulphonic acid such as 
methanesulphonic acid or an aromatic sulphonic acid such as p-toluenesulphonic 

15 acid, in a lower alkanol, e.g. methanol. Cleavage of the benzyl group can be effected 
by hydrogenolysis in the presence of a catalyst, e.g. palladium, and in a lower alkanol, 
e.g. methanol. A tri(lo\ver alkyl)silyl protecting group can be cleaved off by subjecting 
the respective protected compound to the action of water or low pH. 

20 Any protecting group(s) present in R^0 and/or R^O can De cleaved off 

according to methods known per se for the cleavage of the respective protecting 
group. Thus, for example, a tert-butoxycarbonyl group can be cleaved off by 
treatment with acid and a 9-fluorenyImethoxycarbonyl group can be cleaved off by 
treatment with piperidine. Cleavage of phthaloyl can be effected by treatment with 

25 hydrazine hydrate. 



When the amino, hydroxy or thiol group in R 20 is protected and/or an amino 
or hydroxy group in R^0 is protected, then, depending on the choice of protecting 
group(s), the cleavage of such protecting group(s) can be carried out before, 

30 simultaneously with or after the cleavage of the protecting group denoted by R 7 . 

Further, when it is desired to manufacture a compound of formula I in which a side- 
chain of the acyl group contains a protected functional group, then the protecting 
groups and cleavage conditions will be chosen such that the protecting group in the 
side-chain is retained while the protecting group denoted by R 7 and any protecting 

35 group(s) in R^0 and/or R^0 is/are cleaved off cleaved off. 

The conversion of a compound of formula I obtained into a pharmaceutical^ 
acceptable salt is effected by treatment with an appropriate acid or base in a known 
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The compounds of formula 11 used as starting materials in the foregoing 
process are novel and form a further object of the invention. They can be prepared by 
5 a variety of routes as illustrated in the Reaction Schemes A, B> C and D hereinafter in 
which R 1 , R 4 , R 7 , R 2 ^ and R^O have the significances given earlier, r Bu represents 
tert-butyl, Me represents methyl and M represents an alkali metal, especially sodium. 
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Reaction Scheme A 
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Having regard to Reaction Scheme A, in the first step a compound of formula 
III is condensed with hydrazine or a substituted hydrazine of formula IV to give a 
hydrazide of formula V. This condensation is carried out under the known 
conditions of peptide coupling reactions using coupling reagents known per se for 
5 such couplings, e.g. 1-hydroxybenzotriazole in the presence of l-ethyl-3-(3-dimethyl- 
aminopropyl)carbodiimide and N-methylmorpholine. 

A hydrazide of formula V is reacted in the second step with trifluoroacetic 
anhydride to give a compound of formula VI. This reaction is carried out in a known 
10 manner, e.g. in an organic solvent which is inert under the conditions of the reaction 

and in the presence of an organic base at about 0°C to about room temperature. 
Halogenated hydrocarbons, e.g. dichloromethane, are suitable solvents and tri(lower 
alkyl)amines, e.g. triethylamine, pyridine, 4-dimethylaminopyridine etc. are suitable 
solvents. When the base is a liquid under the reaction conditions, it may be used in 
15 excess and in this case it can serve both as the base and as the solvent. 

In the next step a compound of formula VI is deprotecled using trifluoroacetic 
acid (TFA) to give a carboxylic acid of formula VII. The deprotection is carried out in 
a manner known per se, e.g. in an organic solvent which is inert under the conditions 
20 of the reaction, such as a halogenated hydrocarbon, e.g. dichloromethane, at about 
room temperature. 

Condensation of a carboxylic acid of formula VII with an O-protected 
hydroxylamine of formula VIII in the subsequent step gives a compound of formula 
25 (IX). This condensation is carried out in a manner known per se for peptide coupling 
reactions, e.g. in the presence of l-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride, and in an organic solvent which is inert under the conditions of the 
reaction, e.g. dimethylformamide. 

30 In the next step the trifluoro acetyl protecting group is cleaved off from a 

compound of formula IX by treatment with an alkali metal carbonate, e.g. sodium 
carbonate or potassium carbonate, to give a compound of formula X. This treatment 
is conveniently carried out by dissolving the compound of formula IX in a lower 
alkanol, e.g. methanol, ethanol, etc., adding an aqueous alkali metal carbonate 

35 solution and holding the mixture at about room temperature until the cleavage is 
complete. 
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Subsequently, a compound of formula X is acylated. The acylation can be 
carried out in a manner known per se. For example, a compound of formula X can be 
reacted with an acid of the formula R OH (XI), wherein R has the significance 
given earlier, in the presence of a coupling reagent such as 1 -ethyl-3-(3-dimethyl- 
5 aminopropyl)carbodiimide hydrochloride in an organic solvent which is inert under 
the reaction conditions, e.g. dimethylformamide, at about 0°C to about room 
temperature. An acid of formula XI can be converted into the corresponding acid 
fluoride or acid chloride and, in this case, the reaction is conveniently effected in an 
organic solvent which is inert under the conditions of the reaction, e.g. a halogenated 

10 hydrocarbon such as dichloromethane, and in the presence of a base, e.g. a tri(lower 
alkyl)amine such as triethylamine, pyridine, 4-dimethylaminopyridine etc., at about 
room temperature. Further, a compound of formula X can be acylated with a reactive 
derivative of an acid of formula XI in which R represents a group of the formula 
Het(CH2)mCO, wherein Het and m have the significances given earlier, in a 

15 conventional manner, e.g. in an organic solvent which is inert under the reaction 
conditions, such as a halogenated hydrocarbon, e.g. dichloromethane, and in the 
presence of a base such as a tri(lower alkyl)amine, e.g. triethylamine, at a low 
temperature, e.g. about 0-1 0°C. 

Finally, when the acylation product contains a protected acyl group R 20 , the 
20 protecting group(s) can be cleaved off in a manner analogous to that described earlier. 
Also, when R^0 ; n t ) le aC yJation product contains a protected amino or protected 
hydroxy group, then the respective protecting group can be cleaved off as described 
earlier. 

25 The compounds of formula III used in Reaction Scheme A, insofar as they are 

not known compounds or analogues of known compounds, can be prepared as 
described in the following Examples or in analogy thereto. The compounds of 
formulae IV, VIII and XI, likewise used in Reaction Scheme A, are known compounds 
or analogues of known compounds. 

30 

Compounds of formula III can be prepared by methods disclosed in published 
patent applications EP-497 192-A, EP-574 758-A, EP-634 240-A and also using the 
methods described in Beckett et al, Synlett 1993, 137 and Pratt et al, Synlett 1998, 531. 
Compounds of formula IV were obtained from commercial suppliers or prepared by 
35 the method of Zwierzak, Synthesis 1987, 485. Compounds of formula VIII were 
obtained from commercial suppliers or prepared by the method of Teodozyl et al, 
Rocz. Chem 1976, 50(2), 367 (CAN 85:62908). Compounds of formula XI were 
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obtained from commercial suppliers or prepared by adapting methods found in the 
following: WO 98/43968- A 1 ; EP 314 060-A2, DE 1 ,9503,827-Al ; Festic. Chem.,Pro. 
Int. Congr. Pestic. Chem., 2nd (1972), 5, 209; US Patent 4,684,483-A; J. Med. Chem., 
1971, 14, 990; Chem. Lett., 1974, 8,859; Bioorg. Med. , Chem. ,1 994, 2, 305 and Bioorg. 
5 Med. Chem. Lett., 1992, 2, 1717. 
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Having regard to Reaction Scheme 13, the respective steps, i.e. the acylation of a 
compound of formula V to a compound of formula XII, the deprotection of the latter 
with TFA and the condensation of a resulting compound of formula XIII with an O- 
protected hydroxylamine of formula VIII, are carried out in an analogous manner to 
that described earlier in connection with the corresponding steps in Reaction Scheme 
A, i.e. the acylation of a compound of formula X, the deprotection of a compound of 
formula VI and the condensation of a compound of formula VII with an O-protected 
hydrox^'lamine of formula VIII. When the product resulting from the condensation of 
a compound of formula XIII with an O-protected hydroxylamine of formula VIII 

20 

contains a protected acyl group R and/or a protecting group in R 30 , the protecting 
group(s) can be cleaved off in a manner analogous to that described earlier. 

If desired, certain compounds occurring in Reaction Scheme 13 may be inter- 
converted. Thus, for example, a compound of formula V in which R 4 represents 
-CH2CH=CH2 can be reacted with an aryl or heteroaryl iodide in the presence of 
Pd(OAc)2 and a tri(Iower alkyl)amine, e.g. triethylamine, to give a corresponding 

compound of formula V in which R 4 represents -(CH2)3-(aryI or heteroaryl). Again, 

for example, a compound of formula XII in which R 4 represents phthalimido-lower 
alkyl can be treated with hydrazine hydrate, conveniently in an organic solvent which 
is inert under the reaction conditions, e.g. a lower alkanol such as methanol or 
ethanol, at about room temperature, and the resulting product, a compound corres- 
ponding to formula XII, but in which R 4 represents amino-lower alkyl. The amino 

group can subsequently be substituted in a conventional manner to generate a desired 
4 

group R , e.g. by reaction with an appropriate (hetero)aromatic carboxylic acid or 
reactive derivative thereof, such as a corresponding carboxylic acid halide. 
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Having regard to Reaction Scheme C, the first step involves the conversion of 
a carboxyiic acid of formula III into the corresponding methyl ester of formula XIV. 
This is carried out in a known manner, e.g. by reaction with methanol in the presence 
of a tertiary organic base such as 4-dimethylaminopyridine and a condensation agent 
5 such as l-ethyl-3-(3-dimethy]aminopropyl)carbodiimide. 

The next two steps of Reaction Scheme C, i.e. the deprotection of a compound 
of formula XIV with TFA and the condensation of the resulting acid of formula XV 
with an O-protected hydroxylamine of formula VIII, are carried out in an analogous 
10 manner to that described in Reaction Scheme A in connection with the deprotection 
of a compound of formula VI and the condensation of the resulting acid of formula 
VII with an O-protected hydroxylamine of formula VIII. 

In the next step a resulting compound of formula XVI is converted into a 
15 compound of formula X by reaction with trimethylaluminium and hydrazine or a 
substituted hydrazine of formula IV. This reaction is suitably carried out in an 
organic solvent which is inert under the reaction conditions, e.g. a halogenated 
hydrocarbon such as dichloromeihane, and at a temperature between about room 

temperature and about 60°C. 



protecting group(s) are optionally cleaved off. This acylation and optional 
deprotection are carried out in a manner analogous to that described earlier in 
25 connection with Reaction Scheme A. 



20 



Subsequently, a compound of formula X is acylated and, when the acylation 
product contains a protected acyl group R and/or a protecting group in R 30 the 
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In the first step or Reaction Scheme D a carboxylic acid of formula XVII is 
activated, conveniently using oxalyl chloride, and then reacted with a substituted 
hydrazine of formula XVIII to give a compound of formula XIX. This reaction is 
5 expediently carried out in the presence of a base, e.g. a tertiary organic amine such as 
triethylamine, and in an organic solvent which is inert under the reaction conditions, 

e.g. a halogenated hydrocarbon such as dichloromethane, at about 0°C. 



The desired starting material of formula II is then obtained by reacting a 
10 compound of formula XIX with trimethylaluminium and an O-protected hydroxyl- 
amine of formula VIII followed by optional deprotection of any protected acyl group 
present in the reaction product. Conveniently, the reaction can be carried out in an 
organic solvent which is inert under the reaction conditions, e.g. a halogenated 

hydrocarbon such as dichloromethane, at about room temperature to about 60°C, 
15 while the deprotection can be carried out in a manner analogous to that described 
earlier. 



The carboxylic acids of formula XVII and the substituted hydrazines of 
formula XVIII used in Reaction Scheme D are known compounds or analogues of 
20 known compounds which can be prepared in an analogous manner to the known 
compounds. 

As mentioned earlier, the hydrazine derivatives provided by the present 
invention inhibit the release of TNF-a from mammalian cells. This can be demon- 
25 strated using the in vitro test procedure described hereinafter: 



THP1 cells were cultivated in RPMI 1640 medium supplemented with anti- 
biotics and 10% foetal calf serum, harvested by centrifugation and diluted to 5 x 10 5 
cells/ml in the above medium supplemented with 20 mM HEPES buffer. Aliquots 

30 (200 ml) of the cell suspension were plated out on 96 well culture plates and incubated 
for 0.5 hour at 37°C prior to the addition of the test compounds. The latter were 
dissolved in dimethyl suiphoxide (DMSO) to a stock concentration of 1.2 mM which 
was diluted with phosphate buffered saline/10% DMSO solution to provide test 
compounds in final concentrations of 10" 9 to 10~ 5 M, with each concentration being 

35 tested in duplicate. The cells were incubated with the test compounds for 0.5 hour at 
37°C, LPS (bacterial lipopolysaccharide) was then added to a concentration of 2 mg/ml 
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and incubation was continued for 3 hours at 37°C in an atmosphere containing 5% 
CO2 and at 95% relative humidity. After centrifugation at 260 g for 10 minutes an 

aliquot of each supernatant was removed and the amount of TNF-a was estimated by 
ELISA (R&D Systems Europe Ltd., Abingdon, England). The concentration of test 
5 compound which brings about 50% inhibition of LPS-induced TNF-cc release (IC50) 

was computed from the dose-response curve. 

The results obtained in the foregoing test with representative compounds of 
formula I are compiled in the following Table. 

10 

Table 



Compound 


IC 50 (nMol) 


A 


303 


B 


589 


C 


201 


D 


345 







Compounds: 

15 

A = (E)-2 , -(D-Alanyl)-2(10Ml(S)-(hydroxycarbamoyl)-4-phenyl--3-butcnyl]-2 , -• 

isobutyI-4-methylvalerohydrazide. 
B = (E)-2(R)-[l(S)-(Hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -(2(RS)-hydroxy- 

propionyl)-2'-isobutyl-4-methylva!erohydrazide. 
20 C= (E)-2(R)-[l(S)>(Hydroxycarbamoyl)>4-phenyl-3-butenyl]-2 , -[2-(l- 

imidazolyl)acetyl]-2'-isobutyl-4-methylvalerohydrazide. 
D = (E)-2(R)-[l(S)-(Hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4- 

methyl-2'-[(4-piperidinyl)carbonyl]valerohydrazide. 

25 The hydrazine derivatives provided by the present invention (i.e. the 

compounds of formula I and their pharmaceutical^ acceptable salts) can be used as 
medicaments, for example in the form of pharmaceutical preparations. The 
pharmaceutical preparations can be administered orally, e.g. in the form of tablets, 
coated tablets, dragees, hard and soft gelatine capsules, solutions, emulsions or 

30 suspensions. However, they can also be administered rectally, e.g. in the form of 
suppositories, or parenterally, e.g. in the form of injection solutions. 
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For the manufacture of pharmaceutical preparations the hydrazine derivatives 
can be formulated with therapeutically inert, inorganic or organic carriers. Lactose, 
corn starch or derivatives thereof, talc, stearic acid or its salts can be used, for 
example, as such carriers for tablets, coated tablets, dragees and hard gelatine capsules. 

5 Suitable carriers for soft gelatine capsules are, for example, vegetable oils, waxes, fats, 
semi-solid and liquid polyols and the like. Depending on the nature of the active 
ingredient no carriers are, however, generally required in the case of soft gelatine 
capsules. Suitable carriers for the manufacture of solutions and syrups are, for 
example, water, polyols, saccharose, invert sugar, glucose and the like. Suitable 

10 carriers for the manufacture of injection solutions are, for example, water, alcohols, 
polyols, glycerine, vegetable oils and the like. Natural and hardened oils, waxes, fats, 
semi-liquid polyols and the like are suitable carriers for the manufacture of 
suppositories. 

15 The pharmaceutical preparations can also contain preservatives, stabilizers, 

wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for adjustment of the 
osmotic pressure, buffers, masking agents or antioxidants. They may also contain other 
therapeutically active substances. 

20 Medicaments containing an aforementioned hydrazine derivative and a thera- 

peutically acceptable carrier as well as a process for the manufacture of such medica- 
ments are also objects of the present invention. This process comprises bringing a com- 
pound of formula I or a pharmaceutical^ acceptable salt thereof into a galenical 
administration form together with a therapeutically inert carrier material and, if 

25 desired, one or more additional therapeutically active substances. 

A further object of the invention comprises the use of the hydrazine derivatives 
provided by the invention in the treatment of illnesses, especially in the treatment of 
inflammatory and autoimmune diseases (e.g. rheumatoid arthritis, inflammatory bowel 

30 disease, multiple sclerosis and psoriasis), osteoarthritis, respiratory diseases (e.g. asthma 
and chronic obstructive pulmonary disease), tumours, cachexia, cardiovascular diseases 
(e.g. congestive heart failure), fever, haemorrhage and sepsis. The dosage can vary 
within wide limits and will, of course, be adjusted to the individual requirements in 
each particular case. In general, in the case of administration to adults, a daily dosage of 

35 about 1-20 mg/kg, preferably about 3-5 mg/kg, should be appropriate, although the 
upper limit may be exceeded when this is found to be expedient. The daily dosage can 
be administered as a single dosage or in divided dosages. 
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The following Examples illustrate the present invention. 

Example 1 

(E)-2(R)-ll(SHHydro\^carbamoyl)-4^ 
4-methvlvalerohvdrazide hydrochloride 

A solution of 0.656 g of (E)-2(R)- [ 1 (S)- [ (tetrahydro-2(RS)-pyranyloxy)car- 
bamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-2 , -(N-tert.-buto\7carbonyl-D-prolyl)-4- 
methylvalerohydrazide in 8 ml of dioxan was treated with 4 ml of 4M hydrogen 
chloride in dioxan. The mixture was stirred for 2 hours at room temperature and 
diluted with diethyl ether. The solid was filtered off, washed with diethyl ether and 
dried to give 0.367 g of (E)-2(R)- [ 1 (S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'- 
isobutyl-2'-(D-prolyl)-4-methylvaIerohydraxide hydrochloride in the form of a white 
solid. 

MS: 473 (M + H)+ 

HPLC: Gradient elution using solvent A containing 20% solvent B for 5 minutes 
increasing to 60% solvent 13 from 5 minutes to 20 minutes; flow rate 1 ml per minute. 
Retention lime: 1 5.585 minutes. Solvent A: H2O/0. 1 % TFA; solvent B: CH3CN/ 
0.085% TFA. Column type: HYPERPEP 300A. 

The(E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenylJ^'-isobutyl-Z'-CN-tert.-butoxycarbonyl-D-prolyO^-methylvalerohydra/Jde 
used as the starting material was prepared as follows: 

(i) A solution of 253.3 g of 4-tert-butyl hydrogen 2(R)-isobutylsuccinate in 2 1 of 
dry tetrahydrofuran was cooled to -70°C while stirring under nitrogen. 1 .2 1 of a 2M 
solution of lithium diisopropylamide in tetrahydrofuran were added dropwise and the 
mixture was stirred at -70°C for 30 minutes. A solution of 282 g of cinnamyl bromide 
in 2 1 of dry tetrahydrofuran was then added dropwise and the mixture was left to 
come to room temperature gradually. After stirring overnight, the tetrahydrofuran 
was evaporated and the residue was partitioned between ethyl acetate and 2M hydro- 
chloric acid solution. The ethyl acetate layer was washed with a further portion of 2M 
hydrochloric acid solution, water and saturated sodium chloride solution and then 
dried over anhydrous magnesium sulphate. The solvent was evaporated to give a 
gum-like solid which was suspended in 2 1 of hexane. The product was removed by 
filtration (crop 1: 77.3 g). The hexane solution was treated with 109 g of cyclohexyl- 
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amine and the mixture was left to stand for 1 hour at room temperature and for 
16 hours at 4°C. The solid which formed was collected by filtration and dissolved in 
2.5 1 of methyl tert.butyl ether and 1.5 1 of 2M hydrochloric acid to give a clear 
solution. The separated organic phase was washed twice with water and saturated 
sodium chloride solution and subsequently dried over anhydrous magnesium 
sulphate. After evaporation of the solvent there were obtained 189.8 g of a solid 
(crop 2). The two crops were combined and dried to give 267 J g of (E)-2(R)-[ 1 (R)- 
(tert-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methylvaleric acid in the form of a pale 
cream coloured solid. 

(ii) The (E)-2(R)-[ l(R)-(tert-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl- 
valeric acid obtained in part (i) was dissolved in 2.5 1 of dry tetrahydrofuran, the 
solution was cooled to -78°C while stirring and 860 ml of a 2M solution of lithium 
diisopropylamide in tetrahydrofuran were added dropwise over 2 hours. After 
stirring for 0.5 hour at -78°C, 330 ml of methanol were added dropwise. The 
mixture was left to come to room temperature gradually and was then stirred 
overnight. The tetrahydrofuran was evaporated and the residue was partitioned 
between ethyl acetate and 2M hydrochloric acid solution. The ethyl acetate phase was 
washed in succession with two portions of hydrochloric acid solution, two portions of 
water and saturated sodium chloride solution and then dried over magnesium 
sulphate. After evaporation, there was obtained an orange coloured oil which 
contained a mixtureofthe 1(S),2(R) and 1(R),2(R) isomers of E-2-| l-(tei t-butoxy- 
carbonyl)-4-phenyl-3-butenyl]-4-methylvaleric acid. The above epimeri/.ation 
procedure was repeated three times to give a mixture substantially enriched in the 
1(S),2(R) isomer. The crude product was dissolved in 2500 ml of hexane and the 
solution was treated with 89 ml of tert.butylamine. After leaving to stand at 4°C, the 
precipitated salt was filtered off and dried. There were obtained 210.3 g of a pale 
cream coloured solid which was converted into the free acid by the procedure 
described above to give of (E)-2(R)-[ l(S)-(tert-butoxycarbonyl)-4-phenyl-3- 
butenyl]-4-methylvaleric acid in the form of a yellow solid. 

(iii) A solution of 4.05 kg of (E)-2(R)-[l(S)-(tert-butoxycarbonyl)-4-phenyl-3- 
buteny]]-4-methy]valeric acid in 12 1 of dimethylformamide was cooled to 4°C, 
treated with 1.97 kg of hydroxybenzotriazole hydrate and 2.466 kg of l-ethyl-3-(3- 
dimethylaminopropyl)carbodimide hydrochloride and stirred for 2 hours at 4°C 
3.895 kg of isobutylhydrazine ditosylate salt were added followed by 2.36 1 of N- 
methylmorpholine. The mixture was stirred for 2 hours at 4°C and for 50 hours at 
room temperature, diluted with 12 1 of 2M hydrochloric acid and 12 1 of methyl 
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with water, saturated sodium hydrogen carbonate solution and water and then 
evaporated to give a dark cream coloured solid. Recrystallization from hexane gave 
2.47 kg of (E)-2(R)-ll(S)-(tert-butox)'carbonyl)-4-pheny]-3-butenyl]-2 , MSobutyl-4- 
methylvalerohydrazide in the form of a cream coloured solid. 
MS:417(M + H) + . 

(iv) A solution of 40.0 g of (E)-2(R)-[l(S)-(tert-butoxycarbonyl)-4-pheny]-3- 
butenyl]-2'-isobutyl-4-methylvalerohydrazide and 11.2 ml of pyridine in 400 ml of 
dichloromethane was stirred under a nitrogen atmosphere. 16.3 ml of trifluoroacetic 
anhydride were added and the mixture was stirred for 10 minutes at room temper- 
ature and then evaporated. The residue in ethyl acetate was washed with 5% sodium 
hydrogen carbonate solution, water, 2M aqueous hydrochloric acid and water. The 
ethyl acetate phase was dried over anhydrous magnesium sulphate and the solvent was 
evaporated to yield 55.0 g of (E)-2(U)-[l(S)-(tert-butoxycarbonyl)-4-ph"enyl-3- 
butenyl]-2 , -isobutyl-2 , -(trifluoroacetyl)-4-methylvalerohydrazide in the form of a 
dark orange coloured gum. 

MS: 513 (M + H)+. 

(v) The crude tert. butyl ester obtained in part (iv) was dissolved in 250 ml of a 
40% solution of trifluoroacetic acid in dichloromethane and the solution was stirred 
at room temperature for 2.5 hours. The solvents were evaporated and traces of 
trifluoroacetic acid were removed by the addition and evaporation of toluene (2 x 
30 ml). The residue was triturated with hexane to give 39. 1 g of (E)-2(R)- [ 1 (S)- 
(carboxy)-4-phenyl-3-butenyl]-2'-isobutyl-2 , -(trifluoroacetyl)-4-methylvalero- 
hydrazide in the form of an off-white solid. 

(vi) The carboxylic acid prepared in part (v) was dissolved in 90 ml of dimethyl- 
formamide and the solution was cooled to 0°C and treated in succession with 50.0 g 
ofO-(tetrahydro-2H-pyran-2(RS)-yl)hydroxylamineand 18.0 g of l-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide hydrochloride. The mixture was left to come to 
room temperature and was stirred overnight. The solvent was evaporated and the 
residue was partitioned between ethyl acetate and water. The ethyl acetate phase was 
washed with water until neutral, dried over anhydrous magnesium sulphate and 
evaporated. The resulting solid was triturated with hexane and filtered off to give 
37.6. gof (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2'-isobutyl-2 , -(trifluoroacetyl)-4-methylvalerohydrazide in the form of a 
white solid. 
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(vii) The (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyI]-4-phcnyI-3- 
butenyll^'-isobutyl^'-CtrifluoroacetyO^-methylvalerohydrazide obtained in part (v) 
was dissolved in 200 ml of methanol and the solution was treated with a solution of 

5 18.7 g of potassium carbonate in 50 ml of water for 16 hours at room temperature. 
Removal of the methanol by evaporation gave a solid which was washed with water 
and dried in vacuo over solid sodium hydroxide to yield 28.2 g of (E)-2(R)-[ 1(S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4- 
methylvalerohydrazide in the form of a white solid. 
10 MS:460(M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 12.46 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

15 

(viii) A solution of0.459gof(E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2 f -isobutyl-4-methylvalerohydra/ide in 8 ml of 
dichloromethane was treated under nitrogen at room temperature with 0.25 ml of 
pyridine and a solution of 0.427 g of N-tert.-butoxycarbonyl-D-proIine acid fluoride 

20 in 4 ml of dichloromethane. The mixture was stirred at room temperatue for 16 hours 
and evaporated. The residue was partitioned between ethyl acetate and 5% aqueous 
sodium hydrogen carbonate solution. The ethyl acetate layer was washed in 
succession with water, 5% citric acid solution and water and was then dried over 
anhydrous magnesium sulphate. The solvent was evaporated to give 0.696 g of (E)- 

25 2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]«2 , - 

isobutyl^'-CN-tert.-butoxycarbonyl-D-prolyO^-methylvalerohydrazide in the form 
of a white foam. 
MS: 657(M+H)+. 



30 Example 2 

(E)-2(R)-[l(S)-(HvdroxA^carbamovl)-4-phenvK3-butenv]l-2'-isobutvl-2 , >(L-prolvl)^ 
4-methvIvalerohvdrazide hydrochloride 



35 A solution of 0.656 g of (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)car- 

bamoyll^-phenyl^-butenylJ^'-isobutyl^'-CN-tert.-butoxycarbonyl-L-prolyl)^- 
methylvalerohydrazide in 8 ml of dioxan was treated with 4 ml of 4M hydrogen 
chloride in dioxan. The mixture was stirred for 2 hours at room temperature and 
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diluted with diethyl ether. The solid was filtered off, washed with diethyl ether and 
dried to give 0.337 g of (E)-2(R)-[ 1 (S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'- 
isobutyl-2 , -(L-prolyl)-4-methylvalerohydrazide hydrochloride in the form of a white 
solid. 

5 MS:473 (M + H) + 

HPLC: Gradient elution using solvent A containing 20% solvent B for 5 minutes 
increasing to 60% solvent B from 5 minutes to 20 minutes; flow rate 1 ml per minute. 
Retention time: 15.44 minutes. Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% 
TFA. Column type: HYPERPEP 300A. 

10 

The (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2'-isobutyl-2'-(N-tert.-buto\7carbonyl-L-prolyl)-4-methylva]erohydrazide 
used as the starting material was prepared as follows: 

15 In an analogous manner to that described in Example 1, part (vii), starting 

from (E)-2(R)-|l(S)-((tetrahydro-2(RS)-pyranyloxy)carbamoylJ-4-phenyl-3- 
butenyl]-2'-isobutyl-4-mcthylvalerohydra/ide and N-tcrt.-butoxycarbonyl-L-proline 
acid fluoride there was obtained (E)-2(R)-| 1 (S)-[ (tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phcnylO-buti^ 

20 methylvalerohydrazide in the form of a white solid. 
MS: 657 (M + H)+. 

Example 3 

25 (E)-2(R)-1 1(S)-(Hvdroxvcarbamovl)>4-phenvl-3-butenvl1-2 , -isobutvl-2 , -(D-lvsvl)-4- 
methvlvalerohvdrazide hydrochloride 

In an analogous manner to that described in Example 1, starting from (E)- 
2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'- 
30 isobutyl-2 , -(N ? ,N--di-tert.-butoxycarbonyl-D-lysyl)-4-methylvalerohydrazide there 
was obtained (E)-2(R)-[ l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl- 
2 , -(D-]ysyl)-4-methylvaIerohydrazide hydrochloride in the form of a white solid. 
MS: 504 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
35 solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 9.955 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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Vo 

The (H)-2(R)-[l(S)-[(tetrahydro-2(US)-pyranyloxy)carbanioy)|-4-phcnyI-3- 
butenyll-Z'-isobutyl^'^N^N'-di-tert.-butoxycarbonyl-D-lysyO^-methylvalero- 
hydrazide used as the starting material was prepared as follows: 

In an analogous manner to that described in Example 1, part (vii), starting 
from (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2'-isobutyl-4-methylvalerohydrazide and N a ,N e -di-tert.-butoxycarbonyl-D- 
lysine acid fluoride there was obtained (E)-2(R)-[ 1 (S)-[(tetrahydro-2(RS)>pyranyl- 
oxy)carbamoyl]-4-phenyl-3-butenyl]-2 , -isobuty^2 , -(N a ) N f -di-tert.-butoxycarbonyl- 
D-lysyl)-4-methylvalerohydrazide in the form of a white solid. 
MS:788 (M + H)+. 

Example 4 

(E)-2(R)-[ 1 fS)-(Hvd roxvcarbanuwn-4-phenvI-3-butenvlN2 , -isc)butvU2 , -(L-lvsvlV4- 
methylvalerohydraxide hydrochloride 

In an analogous manner to that described in Example 1, starting from (E)- 
2(R)-[l(S)-((tctrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'- 
isobutyl-2 , -(N-,N ? -di-tert.-butoxycarbonyl-L-lysyl)-4-methylvalerohydra/ide there 
was obtained (E)-2(R)-[ 1 (S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl. 
2'-(L-lysyl)-4-methyIvalerohydrazide hydrochloride in the form of a white solid. 
MS: 504 (M + H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 9.70 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenylJ^'-isobutyl^^C^N^di-tert-butoxycarbonyl-L-lysyO^-methylvalero- 
hydrazide used as the starting material was prepared as follows: 

In an analogous manner to that described in Example 1, part (vii), starting 
from (E)-2(R)-[l(S)^[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2'-isobutyl-4-methylvalerohydrazide and N a ,N'-di-tert.-butoxycarbonyl-L- 
lysine acid fluoride there was obtained (E)-2(R)-(l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyl]>4-phenylO-butenyl]-2^isobutyl-2'-(N a ,N f --di-tert.-butoxycarbonyl- 
L-lysyl)-4-methylvalerohydrazide in the form of a white solid. 
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MS: 788 (M + H) + . 



Example 5 



5 (EV2fR)-fUS)-(HvdroxvcarbamovlV4-phenvlO-butenvl)-2 , -isobutvl-2 , -(Q-tert.- 
butTl-D-servl)-4-methvlvalerohvdrazide p-toluenesulphonate 

A solution of0.38gof (E)-2(R)-[ 1 (S)-[(tetrahydro-2(RS)-pyranyloxy)car- 
bamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-2 , -(0-tert.butyl-D-seryl)-4-methylvalero- 

10 hydrazide in 5 ml of methanol was treated with 0.144 g of p-toluenesulphonic acid. 
The mixture was stirred for 3.5 hours at room temperature and evaporated to give a 
solid. This was triturated with diethyl ether, filtered off and dried to give 0.38 g of (E)- 
2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 > -isobutyl-2 , -(0-tert.butyl-D- 
seryl)-4-methylvalerohydrazide p-toluenesulphonate in the form of a white solid. 

15 MS:519(M+H) + 

HPLC: Gradient elution using solvent A containing 5% solvent 13 increasing to 95% 
solvent 13 over 15 minutes; flow rate 1 ml/minute. Retention time: 1 1.97 minutes. 
Solvent A: H 20/0.1% TFA; solvent B: CH3CN/0.<)85% TEA. Column type: 
HYPERPEP 300A. 

20 

The (E)-2(R)-[I(S)-l(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
buteny]]-2 , -isobutyl-2^(0-tert.butyI-D-seryl)-4-methyIvalerohydra/jde used as the 
starting material was prepared as follows: 

25 (i) A solution of 0.459 g of (E)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyll^-phenylO'butenylJ^'-isobutyl^-methylvalerohydrazide in 4 ml of 
dichloromethane was treated under nitrogen at room temperature with 0.1 19 g of 
pyridine and a solution of 0.578 g of N-(9-fluorenylmethylox>'carbonyl)-0-tert.butyl- 
D -serine acid fluoride in 3 ml of dichloromethane. The mixture was stirred at room 

30 temperature for 16 hours and diluted with ethyl acetate. The solution was washed 
with 5% aqueous sodium hydrogen carbonate solution, water and saturated sodium 
chloride solution and then dried over anhydrous magnesium sulphate. The solvent 
was evaporated to give 0.88 g of (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-2'-[N-(9-fluorenylmethyloxycarbonyl)- 



35 O-tert.butyl-D-serylJ-4-methylvalerohydrazide in the form of a white foam. 
MS: 825 (M+H)+ 



o o 



WO 00/00465 PCT/EP99/04223 

(ii) A solution of 0.86 g of (E)-2(R)-| 1 (S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoy]]-4-phcnylO-but^^ 

0-tert.butyl-D-seryl)-4-methylvalerohydrazide in a mixture of 8 ml of dichloro- 

methane and 2 ml of piperidine was stirred at room temperature for 3 hours. The 

5 solution was evaporated and the residue was treated with diethyl ether. The ethereal 

solution was filtered and evaporated. Chromatography on silica gel using methanol/ 

dichloromethane (1:19) for the elution followed by evaporation gave 0.39 g of (E)- 

2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'- 

isobutyl-2'-(0-tert.butyl-D-seryl)-4"methylvalerohydrazide in the form of a gum. 
10 MS:603 (M+H)+. 

Example 6 

(E)-2'- f M -Amino- 1 -cvclope ntvlkarbonvll -2(R)- 1 US)- (hvdroxycarbamoylM- 
^ phenvl-3-butenvll-2 , -isobutvl-4-methvlvalerohvdra/ide p-toluenesulphonate 

A solution of 0.35 g of (E)-2'-( ( 1 -amino- 1 -cyclopentyl)carbonyl ] -2(R)-| 1 (S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoy!]-4-phenyl-3-butenyl]>2 , -isobutyl-4- 
methylvalerohydra/ide in 3 ml of methanol was treated with 0.14 g of p-toluenesul- 

20 phonic acid. The mixture was stirred for 1.7 hours at room temperature and evapor- 
ated to give a foam. This foam was triturated with diethyl ether, filtered off and dried 
to give 0.32 g of (E)-2'-[( 1 -amino- 1 -cyclopentyl)carbonyl]-2(R)-( 1 (S)-(hydroxy- 
carbamoyl)-4-phenyI-3-butenyl]-2 , -isobutyI-4-methylvalerohydrazide p-toluenesul- 
phonate in the form of a white solid. 

25 MS: 487 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.93 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

30 

The (E)-2 , -[(l-amino-l-cyclopentyl)carbonyl)-2(R)-[l(S)-[(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalero- 
hydrazide used as the starting material was prepared as follows: 

35 (i) A solution of 0.459 g of (E)-2(R)-[ 1 (S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methylvaIerohydrazide in 3 ml of 
dichloromethane was treated under nitrogen at room temperature with 0.1 19 g of 
pyridine and a solution of the acid chloride prepared from 0.42 g of N-(9-fluorenyl- 
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methyloxycarbonyl)-cycloleucine in 3 ml of dichloromethanc. The mixture was 
stirred at room temperature for 16 hours and diluted with ethyl acetate. The solution 
was washed with 5% aqueous sodium hydrogen carbonate solution, water and 
saturated sodium chloride solution and then dried over anhydrous magnesium 
sulphate. The solvent was evaporated to give a foam, which was crystallized from 
diethyl ether/hexane to give 0.71 g of (E)-2*-[( l-(9-fluorenylmethyloxycarbonyl- 
amino)-l-cyclopenr>'l)carbonyl]-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methylva]erohydrazide as a white 
solid. 

MS: 793 (M + H)+ 

(ii) A solution of 0.69 g of (E)-2'- [( 1 -(9-fluorenylmethyloxycarbonylamino)- 3 - 
cyclopentyl)carbonyl]-2(R)-[ 1 (SHCtetrahydro^CRSJ-pyranyloxykarbamoylH- 
phenyM-butenyll^Msobutyl^-methyK'alerohydrazide in a mixture of 6.4 ml of 
dichloromethane and 1.6 ml of piperidine was stirred at room temperature for 1 hour. 
The solution was evaporated and the residue was treated with diethyl ether. The 
ethereal solution was filtered and evaporated. Chromatography on silica gel using 
methanol/dichloromethane ( 1 :33) for the elution followed by evaporation gave 0.36 g 
of (E)-2 , -I(l-amino-l-cyclopentyl)carbonyl]-2(R)-|l(S)-|(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]--2 , -isobutyl-4-niethylvalerohydrazide in 
the form of a white foam. 
MS: 571 (M + H) + 



Example 7 

(E)-2'-l(l>Amin(vl>cvclopropvl)carbonvll-2(R)-[KS)-(hvdroxvcarbamovl)-4- 
phenvl^'butenvll^'-isobutvl^-methvlvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in Example 6, but using l-(N-(9- 
fluorenylmethylox)'carbonyl)amino]-cyclopropanecarboxylic acid in place of N-(9- 
fluorenylmethyloxycarbonyO-cycloleucine, there was obtained (E)-2 , -[(l-amino-l- 
cyclopropyl)carbonyl]-2(R)-[l(S)-(hydroxycarbamoyl)-4-pheny^3-butenyl]-2 , - 
isobutyl-4-methylvalerohydrazide p-toluenesulphonate as a white solid. 
MS: 459 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 11.41 minutes. 
Solvent A: H 20/0.1% TFA; solvent B: CH3CN/0.085% TEA. Column type: 
HYPERPEP 300A. 
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30 



Example 8 



fEV2WB-Alanvl)-2m HUSMhvdroxvcarbam 
4-methvlvalerohvdrazide hydrochloride 

A solution of 0.47 g of (E)-2'-(N-tert.-butox>'carbonyl-P-alanyl)-2(R)-[ 1(S)- 
[(tetrahydro-2(RS)-pyranylox7^ 

methylvalerohydrazide in 5 ml of 4M hydrogen chloride in dioxan was stirred for 

2 hours at room temperature and diluted with diethyl ether. The solid was filtered off, 

washed with diethyl ether and dried to give 0.29 g of (E)-2'-(P-alanyl)-2(R)-( 1 (S)- 

(hydroxycarbamoyO^-phenyl-S-butenylJ^'-isobutyl^-methylvalerohydrazide 

hydrochloride in the form of a white solid. 

MS:447(M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.54 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/().085% TFA. Column type: 
HYPERPEP 300A. 

The (E)>2 , -(N-tert.-butoxycarbonyl-3-alanyl)-2(R)-| l(S)-|(tetrahydro-2(RS)- 
pyranyloxyJ-carbanK^ylJ^-phenylO-butenyll^^isobutyl^-methylvalerohydrazide 
used as the starting material was prepared as follows: 

A solution of 0.459 g of (E)-2(R)-[ 1 (S)-[ (tetrahydro-2(RS)-pyranyloxy)- 
carbamoyll^-phenyl^-butenyll^'-isobutyl^-methylvalerohydrazide in 5 ml of 
dimethylformamide was cooled to 0°C and treated with 0.378 g of N-tert.-butoxy- 
carbonyl-(3-alanine and 0.383 g of l-ethyl-3-(3-dimethylaminopropyl)carbodimide 
hydrochloride. The mixture was stirred at room temperature for 16 hours and diluted 
with ethyl acetate. The solution was washed in succession with water, 5% citric acid 
solution and water, dried over anhydrous magnesium sulphate and evaporated. 
Chromatography on silica gel using ethyl acetate/ hexane (1:1) for the elution 
followed by evaporation gave 0.48 g of (E)-2 , -(N-tert.-butoxycarbonyl-3-alanyl)- 
2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)-carbamoyl]-4-phenyl-3-butenyl]-2*- 
isobutyl-4-methylvalerohydrazide in the form of a white foam. 
MS: 631 (M+H)+. 



WO 00/00465 PCT/EP99/04223 

SI 

Example 9 

fE)-2(R)-[ l(S)-(Hvdrc^carbamov])-4-phenvl-3-butenvl1-2 , -isobutvl-4-methvl-2'- 
f (2(R)-piperidinvlkarbonv11valerohvdrazide hydrochloride 

5 

In a manner analogous to that described in Example 8, but using N-tert.- 
butoxycarbonyl-R-pipecolinic acid in place of N-tert.-butoxycarbonyl-p-alanine, 
there was obtained (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'- 
isobutyl-4-methyl-2 , -[(2(R)-piperidinyl)carbonyl]valerohydrazide hydrochloride in 
10 the form of a white solid. 
MS: 487 (M + H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 1 1.02 minutes. 
Solvent A: H2O/0.1% TEA; solvent B: CH3CN/0.085% TFA. Column type: 
15 HYPERPEP 300A. 

Example 10 

(E)-2(UV [ 1 (S)-(Hvdr()xycarbamovl)-4-phenyl-3-butenvll-2'-is(>butyl-4-methvl-2'- 
20 K2(S)'piperidinvl)carbonvl1va]erohvdra/ide hydrochloride 

In a manner analogous to that described in Example 8, but using N-tert.- 
butoxycarbonyl-S-pipecolinic acid in place of N-tert.-butoxycarbonyl-p-alanine, 
there was obtained (E)-2(R)-[ 1 (S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'- 
25 isobutyl-4-methyl-2'-[(2(S)-piperidinyI)carbonyl]valerohydrazide hydrochloride in 
the form of a white solid. 
MS: 487 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.825 minutes. 
30 Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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(E)-2 , -(2-Acetamidoacetvl^2^0-^lfSVfhvdroxvcarhamovn-4-phenv1-3-butenvll-2 , - 
isobutvl-4-methvlvalerohvdrazide 

5 

A solution of0.436gof (E)-2'-(2-acetamidoacetyl)-2(R)-[ 1 (S)-[(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalero- 
hydrazide in 10 ml of methanol was treated with 0.044 g of p-toluenesulphonic acid. 
The mixture was stirred for 1 .5 hours at room temperature and evaporated. The 
10 residue was triturated with diethyl ether, filtered off and dried to give 0.333 g of (E)- 
2 , -(2-acetamidoacetyl)-2(R)-[l(S)-(hydrox^xarbamoyl)-4-phenyl-3-butenyl]-2'- 
isobutyl-4-methylvalerohydrazide in the form of a white solid. 
MS: 475 (M + H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
15 solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.63 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The (E)*2 , -(2-acetamidoacetyl)-2(R)-[l(S)-((tetrahydro-2(RS)-pyranyloxy)- 
20 carbamoyll^-phenyl^-butenylj^'-isobutyl^-mcthylvalerohydrazide used as the 
starting material was prepared as follows: 

A solution of 0.459 g of (E)-2(R)-| 1 (S)-| (tetrahydro-2(RS)-pyranyIoxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalerohydrazide in 4 ml of 

25 dimethylformamide was cooled to 0°C and treated with 0.351 g of N-acetyl-glycine 
and 690 mg of 1 -ethyl-3-(3-dimethy!aminopropyl)carbodimide hydrochloride. The 
mixture was stirred at room temperature for 16 hours and evaporated. The residue in 
ethyl acetate was washed with 5% sodium hydrogen carbonate solution and water, 
dried over anhydrous magnesium sulphate and evaporated. The resulting solid was 

30 triturated with diethyl ether and filtered off to give 0.436 g of (E)-2'-(2-acetamido- 
acetyl)-2(R)-(l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]- 
2 , -isobutyl-4-methylvalerohydrazide in the form of a white solid. 
MS: 559 (M+H)+. 
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(E)-2(R)-f US)-(Hvdroxvcarbamovl)-4-phenvl-3-butenvl1-2 , -isobutvl-4-methvl'2'- 
(2-ureidoacetv0valerohvdrazide 



A solution of 0.51 g of (E)-2(R)-( l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoy]]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2 , -(2-ureidoacetyl)valero- 
hydrazide dissolved in 5 ml of 4M hydrogen chloride in dioxan was stirred for 
2 hours at room temperature and diluted with diethyl ether. The solid was filtered off, 
10 washed with diethyl ether and dried to give 0.36 g of (E)-2(R)-[l(S)-(hydroxy- 
carbamoyl)-4-phenyl-3-butenyl]*2'-isobutyl-4-methyl-2 , -(2-ureidoacetyl)valero- 
hydrazide in the form of a white solid. 
MS: 476(M + H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
15 solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.30 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The (E)-2(R)-| l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoylJ-4-phenyl-3- 
20 butenyl)-2 , -isobutyl-4-methyl-2'-(2-ureidoacetyl)vaIerohydrazide used as the starting 
material was prepared in a manner analogous to Example 1 1 using hydantoic acid in 
place of N-acetyl-glycine. 



fE)-2 , -(2-Hvdroxvacetvl)-2(R)-fUS^(hvdroxvcarbamovl)-4-phenvl-3-butenvll-2 , - 
isobutvl-4-methvlvalerohvdrazide 



30 acetic acid in place of N-acetyl-glycine, there was obtained (E)-2'-(2-hydroxyacet)'l)- 
2(R)-[l(S)-(hydrox7carbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalero- 
hydrazide in the form of a white solid. 
MS:434(M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
35 solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.69 minutes. 
Solvent A: H2O/0,l% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 13 



25 



In a manner analogous to that described in Example 1 1, but using hydroxy- 
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Example 14 

(E)-2(R)-| 1^S)-(Hvdroxvca^bamovn-4-phenvl-34nltenvll>2 , -isobutvl-4-methvU2 , - 
[M-pvridvncarbonvllvalerohvdrazide p-toluenesulphonate 

5 

In a manner analogous to that described in Example 1 1 , but using 4-pyridine- 
carboxylic acid in place of N-acetyl-glycine, there was obtained (E)-2(R)-[ 1 (S)- 
(hydroxycarbamoyl)-4-phenyl-3"butenyl]-2'-isobutyl-4-methyl-2 , -[(4-pyridyl)- 
carbonyl]-valerohydrazide p-toluenesulphonate in the form of an off-white solid. 
10 MS:481(M + H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.915 minutes. 
Solvent A: H 20/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

15 

Example 15 

(E)-2(RMHS HHvdroxycarhamo^^ 

K3-pyridylkarhonvllvalernhydrayide p-toluenesulphonate 

20 

In a manner analogous to that described in Example 1 1 , but using 3-pyridine- 
carboxylic acid in place of N-acetyl-glycine, there was obtained (E)-2(R)-[ 1 (S)- 
(hydroxycarbamoyl)-4-phenyI-3-butenyl]-2 , -isobutyl-4-methyl-2'-[(3-pyridyl)- 
carbonyljvalerohydrazide p-toluenesulphonate in the form of a white solid. 
25 MS: 481 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 1 1.00 minutes. 
Solvent A: H 20/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

30 

Example 16 

(E)>2(RV[KS)-fHvdroxAxa rbamoyn-4-phenv1-3-butenvn-2 > >isobutyl-4-methyl-2'- 
f(2-pvrrolvncarbonvllvalerohvdrazide p-toluenesulphonate 

35 

A solution of 0.225 g (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2 , -((2-pyrrolyl)carbonyl]- 
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valerohydrazide in 5 ml of methanol was treated with 0.095 g of p-toluenesulphonic 
acid. The mixture was stirred for 2 hours at room temperature and evaporated. The 
residue was triturated with hexane, filtered off and dried to give 0.220 g of (E)-2(R)- 
[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2 , -[(2- 
5 pyrrolyl)carbonyl] valerohydrazide p-toluenesulphonate in the form of a white solid. 
MS: 469 (M + H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 1 1.93 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH 3 CN/0.O85% TFA. Column type: 
10 HYPERPEP 300A. 

The (E)-2(R)-(l(S)-((tetrahydro-2(RS)-pyranyloxy)carbamoyl)-4-phenyl-3- 
butenyl]-2'-isobutyl-4-methyl-2 , -[(2-pyrrolyl)carbonyl]valerohydrazide used as the 
starting material was prepared as follows: 

15 

A solution of0.459gof (E)-2(R)-[ 1 (S)-|(tetrahydro-2(RS)-pyranyioxy)- 
carbamoyl]-4-phenyI-3-butenyl)-2 , -isobutyl-4-methylvalerohydrazide in 5 ml of 
dichloromethane was treated under nitrogen at 0°C with 0.28 ml of triethylamine and 
a solution of the acid chloride prepared from 0.166 g of 2-pyrrolecarboxylic acid in 3 

20 ml of dichloromethane. The mixture was stirred at 0°C for 2 hours and evaporated. 
The residue was dissolved in ethyl acetate. The solution was washed with 5% aqueous 
sodium hydrogen carbonate solution, water, 5% citric acid solution and saturated 
sodium chloride solution, dried over anhydrous magnesium sulphate and was evapor- 
ated to give a solid. Chromatography of this solid on silica gel using dichloromethane/ 

25 methanol (50: 1 ) for the elution followed by evaporation and trituration with diethyl 



ether gave 0.225 g of (E)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyIoxy)carbamoyl]-4- 
phenyl-3-butenyl)-2'-isobutyl-4-methyl-2'-[(2-pyrrolyl)carbonyl] valerohydrazide in 
the form of a white solid. 
MS: 553 (M+H)+ 



(E)-2(RMUSMHvdroxvcarbamovlV^^ 
nvl)>2 t -isobutvl-4-methvlva1erohvdrazide 



A solution of0.71 g of (E)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-buteny]]-2'-(2(RS)-hydro^ropionyl)-2'-isobutyl-4-methyl- 
valerohydrazide in 8 ml of methanol was treated with 0.071 g of p-toluenesulphonic 



30 



Example 17 
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acid. The mixture was stirred for I hour at room temperature and evaporated to give 
a foam. This foam was triturated with diethyl ether, filtered off and dried to give 
0.425 g of (E)-2(R)-(l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -(2(RS)- 
hydrox)7>ropionyl)-2'-isobutyl-4-methylvalerohydrazide in the form of a white solid. 
MS: 448 (M + H) + 

HPLC: Gradient elution using solvent A containing 20% solvent B for 5 minutes 
increasing to 50% solvent B from 5 minutes to 35 minutes; flow rate 1 ml per minute. 
Retention time: 18.34 and 18.64 minutes. Solvent A: H2O/0.1% TFA; solvent B: 
CH3CN/0.085% TFA. Column type: HYPERPEP 300A. 

HPLC: Elution using 22.5% CH 3 CN in water; flow rate 1 ml per minute. Retention 
time: 27.2 and 29.5 minutes. Column type: Symmetry C| 8 5u:. 

The (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2 , -(2(RS)-hydroxypropionyl)-2'-isobuty]-4-methyIvalerohydrazide used as 
the starting material was prepared as follows: 

(i) A solution of0.918gof(E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalerohydra/ide in 16 ml of 
dichloromethane was treated under nitrogen at 0°C with 0.557 ml of triethylamine 
and a solution of the acid chloride prepared from 0.396 g of acetyl-RS-lactic acid in 
5 ml of dichloromethane. The mixture was stirred at room temperature for 2 hours 
and diluted with dichloromethane. The solution was washed with 5% aqueous sodium 
hydrogen carbonate solution, water, 5% citric acid solution and saturated sodium 
chloride solution, dried over anhydrous magnesium sulphate and evaporated to give a 
foam. Trituration of this foam with hexane gave 1 .1 13 g of (E)-2(R)- [ 1 (S)-[(tctra- 
hydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-(2(RS)-acetoxypro- 
pionyI)-2'-isobutyl-4-methylvalerohydrazide in the form of a white solid. 

MS: 574 (M+H)+. 

(ii) Asolutionofl.il g of (E)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoy]]-4-phenyl-3-buteny^ 

valerohydrazide in a mixture of 8 ml of methanol and 4 ml of water was treated with 
0.524 g of potassium carbonate. The mixture was stirred at room temperature for 
2 hours, diluted with water and extracted with ethyl acetate. The ethyl acetate solution 
was washed with water, dried over anhydrous magnesium sulphate and was evapor- 
ated to give a foam. Trituration of this foam with diethyl ether gave 0.71 g of (E)- 
2(R)-[l(S)-((tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyN3-butenyl]-2'- 
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(2(RS)-hydrc)xypropionyl)-2 l -isobutyl-4-methylvalerohydra/.ide in the form of a 
white solid. 



(E)-2(RMUS)-(Hvdrox^arbamovn-4-phenv^^^ 
(D-servDvalerohvdrazide p-toluenesulphonate 

A solution of 0.175 g (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2'-(D-seryl)valcrohydrazide in 
2 ml of methanol was treated with 0.073 g of p-toluenesulphonic acid. The mixture 
was stirred for 3 hours at room temperature and evaporated. The residue was tritu- 
rated with diethyl ether, filtered off and dried to give 0.160 g of (E)-2(R)-[ 1(S)- 
(hydrox>xarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyI-2 , -(D-seryl)valero- 
hydrazide p-toluenesulphonate in the form of a white solid. 
MS: 463 (M + H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; (low rate 1 ml/minute. Retention time: 10.75 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/().()85% TFA. Column type: 
HYPERPEP 300A. 

The (E)-2(R)-[l(S)-[(tctrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenylj^'-isobutyl^-methyl^'-CD-seryOvalerohydrazide used as the starting 
material was prepared as follows: 

(i) A solution of 0.624 g of (E)-2(R)-[ l(S)-(tert-butoxycarbonyl)-4-phenyl-3- 
butenyl]-2'-isobutyl-4-methylvalerohydrazide in 10 ml of dichloromethane was 
treated at room temperature under nitrogen with 0.158 g of pyridine and a solution of 
0.78 g of N-(9-fluorenylmethyloxycarbonyl)-0-tert.butyl-D-serine acid fluoride in 
5 ml of dichloromethane. The mixture was stirred at room temperature for 16 hours 
and diluted with ethyl acetate. The solution was washed with 2M hydrochloric acid, 
water, 5% aqueous sodium hydrogen carbonate solution and saturated sodium 
chloride solution and dried over anhydrous magnesium sulphate. The solvent was 
evaporated to give 1.07 g of (E)-2(R)-[l(S)-(tert-butoxycarbonyl)-4-phenyK3- 
butenyl]-2 , -isobutyl-2'-[N-(9-fluorenylmethyloxycarbonyl)-0-tert.butyl-D-seryl)-4- 
methylvalerohydrazide in the form of a white foam. 
MS:782 (M+H)+ 



MS: 532 (M + H)+ 
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(ii) A solution of 1.05 g of (E)-2(R)-[ l(S)-(tert-butoxycarbonyl)-4-phenyl-3- 
butenyll^'-isobutyl^'-lN-CQ-nuorenylmethyloxycarbonyO-O-tert.butyUD-scryl)^- 
methylvalerohydrazide in 5 ml of dichloromethane was treated at room temperature 

5 under nitrogen with 5 ml of trifluoroacetic acid. The mixture was stirred at room 
temperature for 2.5 hours and evaporated. Final traces of trifluoroacetic acid were 
removed by the addition and evaporation of three 10 ml portions of toluene.The 
residue in diethyl ether was treated with hexane to yield 0.78 g of (E)-2(R)-[ 1 (S)- 
(carboxy)-4-phenyl-3-butenyl]-2 , -isobutyl-2 , -[N-(9-fluorenylmethyloxycarbonyl)-D- 

10 seryl]-4-methylvalerohydrazide as a white solid. 
MS: 670(M + H)+. 



(iii) The carboxylic acid prepared in the part (ii) was dissolved in 3 ml of dimethyl- 
formamide, cooled to 0°C and treated in succession with 0.68 g of 0-(tetrahydro-2H- 

15 pyran-2(RS)-yl)hydroxylamine and 0.25 g of 1 -ethyl-3-(3-dimethylaminopropyl)- 
carbodiimide hydrochloride. The mixture was left to come to room temperature and 
was stirred overnight and then diluted with elhyl acetate. The solution was washed 
with 5% aqueous sodium hydrogen carbonate solution, water, 5% citric acid solution 
and saturated sodium chloride solution, dried over anhydrous magnesium sulphate 

20 and evaporated to give a foam. The residue in dichloromethane was treated with 
hexane and yielded 0.49 g of (E)-2(R)- [ 1 (S)-[ (tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl ]-4-phenyl-3-butenyl]-2 , "isobutyl-2 , -(N-(9-fluorenyImethyloxycarbonyl)- 
D-seryl]-4-methylvalerohydrazide in the form of a white solid. 
MS: 769(M+H)+. 

25 

(iv) A solution of 0.48 g of (E)-2(R)-[ l(S)-{(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-2 , -[N-(9-fluorenylmethyloxycarbonyl)- 
D-seryl]-4-methylvalerohydrazide in a mixture of 5 ml of dichloromethane and 1 ml 
of piperidine was stirred at room temperature for 1.75 hours. The solution was 

30 evaporated to give a solid. Chromatography on silica gel using methanol/dichloro- 

methane (1:12) for the elution followed by evaporation gave 0.18 g of (E)-2(R)-[1(S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4- 
methyl-2*-(D-seryl)valerohydrazide in the form of a white solid. 
MS: 547 (M+H)+. 
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Example 19 

(E)-2(R)-f US)- (HvdroxvcarbamovlV4-phenvl-3-butenvll -2'-isobutvl-4-methy1-2'- 
(L-seryl)valerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in Example 18, but using N-(9- 
fluorenylmethylcxycarbonyl)-0-tert.butyl-L-serine acid fluoride in place of N-(9- 
fluorenylmethyloxycarbonyl)-0-tert.buty]-D-serine acid fluoride, there was obtained 
(E)-2(R)-[l(S)-(hydroxycarbamoyl)-4>phenyl-3-butenyl)-2'-isobutyl-4-methyl-2'-(L- 
seryl)valerohydrazide p-toluenesulphonate in the form of a white solid. 
MS: 463 (M + H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.27 minutes. 
Solvent A: H2O/0.1%TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

Example 20 

(E)-2(R)-1 KS)-(Hvdroxvcarbamoyl)-4>phenyl-3-butenvlN2 , -(2(R)-hydr()xypro- 
pionyl)-2 l -is(>biUvl-4-methvlvalerohydra'/ide 

A solution of2.12gof(E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3<butenyl]-2 , -(2(R)-hydroxypropionyl)-2^isobutyl-4-methyl- 
valerohydrazide in 20 ml of methanol was treated with 0.212 g of p-toluenesulphonic 
acid. The mixture was stirred for 0.5 hour at room temperature and evaporated to 
give a foam. This foam in ethyl acetate was washed with 5% sodium hydrogen 
carbonate solution and water, dried over anhydrous magnesium sulphate and 
evaporated to low volume. The solid which separated was washed with cold ethyl 
acetate and dried to give 1.584 g of (E)-2(R)-[ l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-2 , -{2(R)-hydroxypropionyl)-2 , -isobutyl-4-methylvalerohydrazide in the 
form of a white solid. 

MS:448 (M+H)+. 

HPLC: Elution using 22.5% CH 3 CN in water; flow rate 1 ml per minute. Retention 
time: 27.1 minutes. Column type: Symmetry Q 8 5|i. 



The (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2 , -(2(R)-hydrox)-propionyl)-2 , -isobutyl-4-methylvalerohydrazide used as 
the starting material was prepared as follows: 
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(i) A solution of2.318gof(E)-2(R)-[l(S)«|(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methy]valerohydrazide in 12 ml of 
dimethylformamide was treated under nitrogen at 0°C with 1 .47 g of acetyl-R-lactic 
acid and 2.32 g of 1 -ethyl-3-(3-dimethylaminopropyl)carbodimide hydrochloride. 
The mixture was stirred at room temperature for 3 hours and evaporated. The residue 
in ethyl acetate was washed with 5% aqueous sodium hydrogen carbonate solution, 
water, 5% citric acid solution, 5% aqueous sodium hydrogen carbonate solution and 
saturated sodium chloride solution, dried over anhydrous magnesium sulphate and 
evaporated to give a foam. This foam in diethyl ether was treated with hexane to give 
2.78 gof (E)-2(R)-|l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoy]]-4-phenyl-3- 
butenyl]-2 , -(2(R)-acetoxypropionyl)-2'-isobutyl-4-methylvalerohydrazide in the 
form of a white solid. 

MS: 574 (M+H)+ 

(ii) A solution of2.77gof(E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2 , -(2(R)-acetoxypropionyl)-2'-isobutyl-4-methyl- 
valerohydra/ide in a mixture of 20 ml of methanol and 10 ml of water was treated 
with 1.35 g of potassium carbonate. The mixture was stirred at room temperature for 
2 hours, diluted with water and extracted with ethyl acetate. The ethyl acetate phase 
was washed with water, dried over anhydrous magnesium sulphate and evaporated to 
give a foam. Trituration of this foam with diethyl ether gave 2.12 g of (E)-2(R)-[ 1(S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butcnyl]-2^(2(R)-hydroxy- 
propionyl)-2'-isobutyM-methy]valerohydrazide in the form of a white solid. 

MS: 532 (M+H) + . 

Example 21 

(E)-2(R)-[US)-fHvd roxvcarbamovn-4-phenvl>3-butenvll-2 t -isobutvl-4-methvl-2 , > 
f(3-azetidinvncarbonvl1valerohvdrazide hydrochloride 

In a manner analogous to that described in Example 8, but using N-tert.- 
butyloxycarbonyl-azetidine-3-carboxylic acid in place of N-tert.-butoxycarbonyl-p- 
alanine, there was obtained (E)-2(R)-[ l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl)-2'-isobutyl-4-methyl-2-[(3-azetidinyl)carbonyl]valerohydrazide hydro- 
chloride in the form of a white solid. 
MS:459 (M+H) + . 
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HPLC: Gradient elution using solvent A containing 5% solvent 13 increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 1 1.043 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

5 

Example 22 

(EV2^L-Alanvl)-2(R)-IUSMhvdroxvcarbam 
4-methvlvalerohvdrazide hydrochloride 

10 

In a manner analogous to that described in Example 8, but using N-tert.- 
butoxycarbonyl-L-alanine in place of N-tert.-butoxycarbonyl-3-alanine, there was 
obtained (E)-2>(L-alanyl)-2(R)-[ 1 (S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 r - 
isobutyl-4-methylvalerohydrazide hydrochloride as a white solid. 
15 MS: 447 (M + H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent 13 increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.35 minutes. 
Solvent A: H 20/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

20 

Example 23 

(E)-2 , 4D-Alanvl)-2(R)-[1fS)-fhvdroxvcarbamovn>4-phenvl-34uitenvll-2 , MS()lnity]- 
4-methylvalerohydrazide p-toluenesulphonate 

25 

A solution of 0.750 g of (E)-2'-(D-alanyl)-2(R)-[l(S)^(tetrahydro-2(RS)- 
pyranyIoxy)carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methylvalerohydrazide in 
20 ml of methanol was treated with 0.300 g of p-toluenesulphonic acid monohydrate. 
The mixture was stirred for 3 hours at room temperature and evaporated. The 
30 residue was triturated with diethyl ether, filtered off and dried to give 0.858 g of (E)- 
2'-(D-a]anyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4- 
methylvalerohydrazide p-toluenesulphonate in the form of a white solid. 
MS: 447 (M+H')+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
35 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.65 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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The (I-;)-2 , '(0-j]anyl)-2(R)-[l(S)-(tetrahydrcv2(US)-pyrany]oxy)carbamoyl]- 
4-phenyl-3-butcnyl]-2'-isobutyl-4-methylvalerohydra/ide used as the starting 
material was prepared as follows: 

5 (i) In a manner analogous to that described in Example 1, parts (iv) and (v), but 
using N-(9-fluorenylmethoxycarbonyl)-D-alanine acid chloride in place of trifluoro- 
acetic anhydride, there was obtained (E)- 2(R)-[ 1 (S)-(carboxy)-4-phenyl-3-butenyl)- 
I'-isobutyl^'-IN-C^fluorenylmethoxycarbonyO-D-alanyll^-methylvalerohydrazide 
in the form of a white foam. 

10 

(ii) A solution of 1.85 g of (E)- 2(R)-[ 1 (S)-(carboxy)-4-phenyI-3-butenyl]-2'- 
isobutyl-2'-|N-(9-fluorenylmethoxycarbonyl)-D-alanyl]-4-methylvalerohydrazide in 
3 ml of dimethylformamide was treated with 0.60 g of 0-(tetrahydro-2H-pyran- 
2(RS)-yl)hydroxylamine and 0.54 g of 1 -ethyl-3-(3-dimethy]aminopropyl)carbo- 

15 diimide hydrochloride. The mixture was stirred overnight at room temperature and 
then diluted with ethyl acetate and washed with 5% aqueous citric acid, 5% aqueous 
sodium hydrogen carbonate and brine. The ethyl acetate layer was then dried over 
magnesium sulphate and evaporated. The residue was triturated with hexane/diethyl 
ether (2:1) to give 1.67 g of (E)- 2(R)-| 1 (S)-(tetrahydro-2(RS)-pyranyIoxy)carbam- 

20 oyl]-4-phen>104^utenyl]-2 t -isobutyl-2 , -|N-(9-nuorenylmethoxycarbonyl)-D-aIanyl|- 
4-methylvalerohydrazide in the form of a white solid. 
MS: 753 (M + H) + . 

(iii) A solution of 1.67 g of (E)- 2(R)-[ l(S)-(tetrahydro-2(RS)-pyranyloxy)- 

25 carbamoyl ]-4-phenyl-3-butenyl)-2 , -isobutyl-2 , -|N>(9-fluorenylmethoxycarbonyl)-D- 
alanyl]-4-methylvalerohydrazide in a mixture of 20 ml of dichloromethane and 5 ml 
of piperidine was stirred at room temperature for 2 hours. The solution was evapor- 
ated and the residue was triturated with hexane/diethyl ether (2:1). The residue was 
purified by flash column chromatography on silica gel using methanol/dichloro- 

30 methane (5:95) for the elution to give 0.75 g of (E)-2*-(D-alanyl)-2(R)-[ l(S)-(tetra- 
hydro-2(RS)-pyranyloxy)carbamoyl]-4*phenyl-3-butenyl]-2 , -isobutyl-4-methyl- 
valerohydrazide in the form of a white foam. 
MS: 531 (M+H)+. 
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rEV2 , -(2-Aminoacetvl)-2(R)-[l($V(hvdroxvcarb^movn-4-phenvl-3-butenvll-2 , - 
isobutvl-4- methyl valerohydrazide p-toluenesulphonate 

5 

A solution of 0.355 g of (E)-2'-(2-aminoacetyl)-2(R)-[ l(S)-(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalero- 
hydrazide in 10 ml of methanol was treated with 0.144 g of p-toluenesulphonic acid 
monohydrate. The mixture was stirred for 3 hours at room temperature and 
10 evaporated. The residue was triturated with diethyl ether, filtered off and dried to give 
0.350 g of (E)-2 , -(2-aminoacetyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-2'-isobutyl-4-methylvalerohydrazide p-toluenesulphonate in the form of a 
white solid, 
solid. 



15 MS:433 (M + H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over \S minutes; flow rate 1 ml per minute. Retention time: 10.38 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/().()85% TFA. Column type: 
HYPERPEP 300A. 



The (E)-2 , -(2-aminoacetyl)-2(R)-Il(S)-(tetrahydro-2(RS)-pyranyIoxy)- 
carbamoyl]-4-phenyl-3-butenyI]-2'-isobutyl-4-methylvalerohydra/ide used as the 
starting material was prepared as follows: 

25 (i) In a manner analogous to that described in Example 23, parts (i) and (ii), but 
using (N-phthaloyl)-glycine acid chloride in place of N-(9-fluorenylmethoxy- 
carbonyl)-D-alanine acid chloride, there was obtained (E)-2(R)-[ 1 (S)-(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-2 , -[(N-phthaloyl)-2- 
aminoacetyl]-4-methyIvalerohydrazide in the form of a white foam. 

30 MS: 647 (M+H)+. 

(ii) A solution of 0.534 g of (E)-2(R)-[ l(S)-(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-2 , -isobutyl-2'-[(N-phthaloyl)-2-aminoacetyl]-4-methylvalerohydrazide 
in a mixture of 8 ml of ethanol and 4 ml of tetrahydrofuran was treated with 5.5 ml of 
35 hydrazine hydrate. The mixture was stirred for 2 hours at room temperature and 
then evaporated. The residue was taken up in ethyl acetate and washed with water 
and brine. The ethyl acetate phase was then dried over magnesium sulphate and 
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evaporated. The residue was triturated with hexane to give 0.355 g of (E)-2'-(2- 
aminoacetyl)-2(R)-[l(S)-(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phcnyl-3- 
butenyI]-2'-isobutyl-4-methylvalerohydrazide in the form of a white solid. 

Example 25 

(E)-2(R)-[l(S)-(Hvdroxvcarbamovl)-4-phenv]-3-biitenvl1-2 , -isobutvl-2'-(L-leucvn- 
4-methvIvalerohvdrazide hydrochloride 

0.288 g of (E)-2(R)-[ l(S)-(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4- 
phenylO-butenyll^'-isobutyl^'^N-tert.-butoxycarbonyl-L-leucyO^-methylvalero- 
hydrazide was treated with 3 ml of 4M hydrogen chloride in dioxan. The mixture 
was stirred for 2 hours at room temperature and evaporated. The residue was 
triturated with diethyl ether and then filtered off and dried to give 0.159 g of (E)-2(R)- 
[ l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isc)butyl-2 , -(L-leucyl)-4-methyl- 
valerohydrazide hydrochloride in the form of a white solid. 
MS: 489 (M + H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 1 1.50 minutes. 
Solvent A: H 20/0.1% TEA; solvent B: CH3CN/0.085% TEA. Column type: 
HYPERPEP 300A. 

The (E)-2(R)-[ 1 (S)-(tetrahydro-2(RS)-pyranyloxy)carbamoyl ) -4-phenyl-3- 
butenylJ^'-isobutyl^'-CN-tert.-butoxycarbonyl-L-leucyO^-methylvalerohydrazide 
used as the starting material was prepared as follows: 

In an analogous manner to that described in Example 1, part (viii), starting 
from (E)-2(R)-(l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]- 2 , -isobutyl-4-methylvalerohydrazide and N-tert.-butoxycarbonyl-L-leucine 
acid fluoride there was obtained (E)-2(R)-[ 1 (S)-(tetrahydro-2(RS)-pyranyloxy)- 
carbamoylJ^-phenyl^-butenyll^'-isobutyl^'-CN-tert.-butoxycarbonyl-LTeucyl)^- 
methylvalerohydrazide in the form of a white solid. 
MS: 673 (M+H) + . 
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Example 26 

(E)-2m)-lUSMHvdro\^carbamovl)-4-pheny 
4-methvlvalerohvdrazide hydrochloride 

5 

In a manner analogous to that described in Example 25> but using N-tert.- 
butoxycarbonyl-D-leucine acid fluoride in place of N-tert.-butoxycarbonyl-L-leucine 
acid fluoride there was obtained (E)-2(R)-[ 3 (S)-(hydroxycarbamoyl)-4-phenyl-3-bu- 
tenyl]-2'-isobutyl-2 , -(D-leucyl)-4-methylvalerohydrazide hydrochloride in the form 
10 of a white solid. 
MS: 489 (M+H)+. 

HPLC: Gradient elution using solvent A containing 20% solvent B increasing to 99% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.47 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
15 HYPERPEP 300A. 

Example 27 

(E)-2(R)-| 1 (S)-(Hvdrc)xvcarhanK>yl)-4-phenvl-3-lnitenvll-2 , -is()lnityl-4-i^ethvl-2'- 
20 (N- methyl- L-alanvl)valerohvdrazide hydrochloride 

A solution of 0.600 g of (E)-2(R)-[ 1 (S)-(tctrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2'-(N-methyl-N-tert.-butoxy- 
carbonyl-L-alanyI)valerohydrazide in 3 ml of dioxan was treated with 1 ml of 4M 
25 hydrogen chloride in dioxan. The mixture was stirred for 2.5 hours at room temper- 
ature and then diluted with 50 ml of diethyl ether. Filtration gave 0.215 g of (E)-2(R)- 
[USJ^hydroxycarbamoyO^-phenyl^-butenyll^'-isobutyl^-methyl-Z'-CN-methyl- 
L-alanyl)valerohydrazide hydrochloride in the form of a white solid. 
MS: 461 (M+H)+ 

30 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.78 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



35 The (E)-2(R)-[l(S)-(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 

butenyl]-2 , «isobutyl-4-methyl-2 , -(N-methyl-N-tert.-butox>xarbonyl-L-a!anyl)valero- 
hydrazide used as the starting material was prepared as follows: 
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A .solution of 0.233 g of N-methyl-N-tert.-butoxycarbonyl-L-alanine in 10 ml 
of tetrahydrofuran was cooled to -10°C and treated with 0.140 ml of N-ethylmorpho- 
line and 0. 1 43 ml of isobutyl chloroformate. The mixture was stirred for a further 
10 minutes at -10°C and then treated with 0.459 g of (E)-2(R)-[ 1 (S)-[(tetrahydro- 

5 2(RS)-pyranylo\7)carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-rnethylvalero- 
hydrazide. The mixture was allowed to warm to 0°C and stirring was continued for 
45 minutes. The mixture was then diluted with ethyl acetate and washed in sequence 
with 5% aqueous citric acid, 5% aqueous sodium hydrogen carbonate and brine. 
Drying over magnesium sulphate and evaporation gave 0.608 g of (E)-2(R)-| 1 (S)- 

10 (tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4- 

methyl^'-CN-methyl-N-tert.-butoxycarbonyl-L-alanyOvalerohydrazide in the form of 
a white solid. 
MS:645 (M+H)+. 

15 Example 28 

(E)-2nO-IUS)-(Hydroxycarham 
(N-methyl-D-alanyl)valerohydrazide hydrochloride 

20 In a manner analogous to that described in Example 27, but using N-methyl- 

N-tert.-butoxycarbonyl-D-alanine in place of N-methyl-N-tert.-butoxycarbonyl-L- 
alanine, there was obtained (E)-2(R)-| 1 (S)-(hydroxycarbamoyI)-4-phenyI-3- 
butenyI]-2'-isobutyl-4-methyl-2 , -(N-methyl-D-alanyl)valerohydrazide hydrochloride 
in the form of a white solid. 



25 MS: 461 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.15 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



(E)-2 , -(N-Acetvl-L-alanvl)-2(R)>[l(S)-(hydroxvcarbamovl)-4-phenvI-3-butenvl1-2'- 
isobutyl-4-methvlvalerohvdrazide 



A solution of 0.600 g of (E)-2*-(N-acetyl-L-alanyl)-2(RH 1 (S)-(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalero- 
hydrazide in 10 ml of methanol was treated with 0.06 g of p-toluenesulphonic acid 



30 



Example 29 



35 
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monohydratc. The mixture was stirred for 2 hours at room temperature and evapor- 
ated. The residue was triturated with diethyl ether, filtered off and dried to give 
0.138 g of (E)-2 , -(N-acetyl-L-alanyl)-2(R)-|l(S)-(hydroxycarbamoyl)-4-pheny)-3- 
butenyl]-2'-isobutyl-4-methylvalerohydrazide in the form of a white solid. 
5 MS:489 (M + H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.82 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

10 

The (E)-2 , -(N-acetyl-L-alanyl)-2(R)-[l(S)-(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4~phenyl-3-butenyl]-2'-isobutyl-4-methylvaIerohydra/ide used as the 
starting material was prepared as follows: 

15 A solution of 0.144 g of N-acetyl-L-alanine in 10 ml tetrahydrofuran was 

cooled to -10°C and treated with 0.140 ml of N-ethylmorpholine and 0.143 ml of 
isobutyl chloroformate. The mixture was stirred for a further 10 minutes at 10°C and 
then treated with 0.459 g of (E)-2(R)-[1 (S)-|(tctrahydro-2(RS)-pyranyloxy)car- 
bamoyl]-4-phenyl-3-butenyl]- 2'-isobutyl-4-methylvaIerohydrazide. The mixture 

20 was allowed to warm to 0°C and stirring was continued for 1 .5 hours. The mixture 
was then diluted with ethyl acetate and washed in sequence with 5% aqueous citric 
acid, 5% aqueous sodium hydrogen carbonate and brine. Drying over magnesium 
sulphate and evaporation gave 0.601 g of (E)-2 , -(N-acetyl-L-alanyl)-2(R)-| 1 (S)- 
(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butcnyl]-2'-isobutyl-4- 

25 methylvalerohydrazide in the form of a white solid. 
MS: 573 (M+H) + 

Example 30 

30 (E)-2 , -(N-Acetv^D-alanvn-2(R)-^l( r S)-(hvdroxvca^bamovn-4-phenvl-3-butenv]l-2 , - 
isobutvl-4-methvlvalerohvdrazide 

In a manner analogous to that described in Example 29, but using N-acetyl- 
D-alanine in place of N-acetyl-L-alanine, there was obtained (E)-2'-(N-acetyl-D- 
35 alanylj^CRJ-msj-ChydroxycarbamoyO^-phenyl^-butenylJ^'-isobutyl^-methyl- 
valerohydrazide in the form of a white solid. 
MS:4S9(M+H) + . 
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HPLC: Gradient elution using solvent A containing 5% solvent 13 increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.84 minutes. 
Solvent A: H 20/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

5 

Example 31 

(E)-2(R)-ll(S)-(Hvdroxycarba 
(2(RS)-ureidopropionv])valerohvdrayide 

10 

A solution of 0.232 g of (E)-2(R)- [ 1 (S)-(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2 , -(2(RS)-Lireidopropionyi)- 
valerohydrazide in 5 ml of methanol was treated with 0.03 g of p-toluenesulphonic 
acid monohydrate. The mixture was stirred for 2 hours at room temperature and 
15 evaporated. The residue was triturated with diethyl ether, filtered off and dried to give 
0.168 g of (E)-2(R)-( l(S)-(hydroxycarbamoyI)-4-phenyl-3-butenyl]-2 , -isobutyl-4- 
methyl-2'-(2(RS)-ureidopropionyl)valerohydra/ide in the form of a white solid. 
MS:490 (M + H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
20 solvent B over 1 5 minutes; flow rate 1 ml per minute. Retention time: 10.69 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.()85% TFA. Column type: 
HYPERPEP 300A. 



The (E)-2(R)-[l(S)-(tetrahydro-2(RS)-pyranyIoxy)carbamoyl)>4-phenyl-3- 
25 butenyl]-2 , -isobutyl-4-methyl-2 , -(2(RS)-ureidopropionyl)valerohydra7jde used as the 
starting material was prepared as follows: 

A solution of 0.145 g of N-carbamyl-DL-alanine in 5 ml of dimethylform- 
amide was treated with 0.140 ml of N-ethylmorpholine and 0.459 g of (E)-2(R)-[ 1(S)- 

30 [(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4- 
methylvalerohydrazide. The mixture was then treated with 0.15 g of 1 -hydroxy- 
benzotriazole and 0.21 1 g of l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydro- 
chloride. Stirring was continued overnight at room temperature and then the mixture 
was diluted with ethyl acetate and washed in sequence with 5% aqueous citric acid, 

35 5% aqueous sodium hydrogen carbonate and brine. Drying over magnesium sulphate 
and evaporation gave 0.570 g of a white foam which was purified by flash column 
chromatography on silica gel using ethyl acetate for the elution to give 0.232 g of (E)- 
2(R)-[l(S)-(tetrahydro-2(RS)-pyrany]oxy)carbamoyl]-4-phenyl-3-butenyl]-2'-iso- 
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butyl-4-mcthyI-2'-(2(RS)-ureidopropionyl)valerohydra/idc in the form of a white 
solid. 

MS:574 (M + H)+ 

5 Example 32 

(EV2(RVI](S)-(Hvdroxvcarbamov])-4-phenv]-3-butenv]1-2 , -isobutv1-4-methvl-2'- 
[2-(dimethvlamino)acetyllvalerohydrazide p-toluenesulphonate 

10 A solution of0.590gof(E)-2(R)-[l(S)-(tetrahydro-2(RS)-pyranyloxy)- 

carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2'-[2-(dimethylamino)acetyl]- 
valerohydrazide in 10 ml of methanol was treated with 0.210 g of p-toluenesulphonic 
acid monohydrate. The mixture was stirred for 2 hours at room temperature and 
evaporated. The residue was triturated with diethyl ether, filtered off and dried to give 

15 0.478 g of (E)-2(R)Ml(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyi-4- 
methyl-2'-[2-(dimethylamino)acetyl]valerohydra/ide p-toluenesulphonate in the 
form of a white solid. 
MS: 461 (M + H)+ 

HPLC: Gradient elution using solvent A containing 10% solvent B for 5 minutes 
20 increasing to 99% solvent B from 5 minutes to 15 minutes; flow rate 1 ml per minute. 
Retention time: 13.76 minutes. Solvent A: H2O/0.1% TFA; solvent B: 
CH3CNV0.085% TFA. Column type: HYPERPEP 300A. 

The (E)-2(R)-[l(S)-(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
25 butenyl]-2 , -isobutyl-4-methyl-2 , -[2-(dimethylamino)acetyl]valerohydrazide used as 
the starting material was prepared as follows: 

A solution of 0.155 g of N,N-dimethylglycine in 10 ml of dimethylformamide 
was treated in sequence with 0.167 ml of N-ethylmorpholine, 0.216 g of 1-hydroxy- 

30 benzotriazole and 0.307 g of l-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride. Stirring was continued for 1 hour at room temperature and then 
0.459 g of (E)-2(R)-[1 (S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2'-isobutyl-4-methylvalerohydrazide was added. Stirring was continued 
overnight and then the mixture was diluted with ethyl acetate and washed in sequence 

35 with 5% aqueous sodium hydrogen carbonate and brine. Drying over magnesium 
sulphate and evaporation gave 0.591 g of (E)-2(R)-[ l(S)-(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoylj-4-phenyl-3>butenyl]-2 , -isobutyl-4-methyl-2 , -[2-(dimethylamino)- 
acetyl]valerohydrazide in the form of a white solid. 
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MS: 545 (M + H) + . 



Example 33 



5 2 , -fD-Alanvn-2(]0-lURS)-(hvdroxycarbamovl)-4-phenvlbutvll-2 , -isobutvl-4- 
methylvalerohvdrazide 



[(benzyloxy)carbamoyl]-4-phenylbutyl]-2 r -isobutyl-4-methylvalcrohydrazide in 20 
10 ml methanol was hydrogenated in the presence of 0.240 g of 5% palladium-on-carbon 

for 1.5 hours. The catalyst was removed by filtration and the solvent was evaporated. 

The residue was triturated with diethyl ether to give 0.480 g of 2'-(D-alanyl)-2(R)- 

[ ] (RS)-(hydroxycarbamoyl)-4-phenylbutyl]-2 , -isobutyl-4-methylvalerohydrazide in 

the form of a colourless glass. 
15 MS: 449 (M + H) + . 

HPLC: Gradient clution using solvent A containing 5% solvent B increasing to 95% 

solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.62 minutes. 

Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.()85% TFA. Column type: 

HYPERPEP 300A. 



The 2'-(N-benzyloxycarbonyl-D-alanyl)-2(R)-| 1 (RS)-[(benzyioxy)carbam- 
oyl]-4-phenylbutyI]-2'-isobutyl-4-methylvalerohydrazide used as the starting material 
was prepared as follows: 

25 (i) In an analogous manner to that described in Example 1 , part (iii), starting from 
2(R)-[ 1 (RS)-(tert.-butoxycarbonyl)-4-phenylbutyl]-4-methylvaleric acid and 
isobutylhydrazine ditosylate salt there was obtained 2(R)-[ 1 (RS)-(tert.-butoxycar- 
bonyl)-4-phenylbutyl]-2 , -isobutyl-4-methylvalerohydrazide in the form of a clear oil. 

30 (ii) A solution of 1.5 g of 2(R)-[ 1 (RS)-(tert.-butoxycarbonyl)-4-phenylbutyl)-2'- 
isobutyl-4-methylvalerohydrazide in 25 ml dichloromethane was treated with 0.454 g 
of 4-ethylmorpholine and 0.880 g of N-benzyloxycarbonyl-D-alanine acid fluoride 
and the mixture was then stirred overnight at room temperature. The mixture was 
washed in sequence with water, 2M aqueous hydrochloric acid, water and brine and 

35 then dried over anhydrous magnesium sulphate. Evaporation of the solvent gave a 
residue which was purified by flash column chromatography on silica gel using ethyl 
acetate/hexane (1:3) for the elution to give 1.29 g of 2 , -(N-benzyloxycarbonyl-D- 



A solution of0.820gof2*-(N-benzyloxycarbonyl-D-aIanyl)-2(R)-[l(RS)- 



20 
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5^ 

alanyl)-2(R)-| 1 (RS)-(tert.-butoxycarbonyl)-4-phenyIbutyl)-2*-isobtityI-4-methyl- 
valerohydra/jdc in the form of a clear oil. 
MS:624 (M + H) + 

5 (iii) A solution of 1.26 g of 2'-(N-benzyloxycarbonyUD-alanyl)-2(R)-[ 1 (RS)-(tert.- 
butoxycarbonyl)-4-phenylbutyl]-2 , -isobutyl-4-methylvalerohydrazide in 5 ml 
dichloromethane was treated with 5 ml of trifluoroacetic acid and the mixture was 
stirred at room temperature for 2 hours. The solvent was evaporated to give 1.30 g of 
2 , -(N-benzylox>^carbonyl-D-alanyl)-2(R)-[l(RS)-(carboxy)-4-phenylbutyl]-2'-iso- 

10 butyl-4-methylvalerohydrazide in the form of a pale yellow foam. 
MS:568 (M + H) + . 

(iv) A solution of 1.15 g of 2'-(N-ben'/yloxycarbonyl-D-alanyl)-2(R)-( 1 (RS)- 
(carboxy)-4-phenylbutyl]-2'-isobutyl-4-methylvalerohydrazide in 5 ml of dimethyl- 

15 formamide was cooled to 0°C under a nitrogen atmosphere. The mixture was then 
treated with 1.25 g of O-beir/ylhydroxylamine and 0.467 g of 1 -ethyl-3-(3-dimethyI- 
aminopropyl)carbodiimide hydrochloride and left to warm to room temperature 
overnight. The mixture was diluted with water and extracted twice with ethyl acetate. 
The ethyl acetate layer was then washed with aqueous 2M hydrogen chloride, water 

20 and brine. Drying over anhydrous magnesium sulphate and evaporation of the 
solvent gave 0.820 g of 2'-(IsI-benzy]oxycarbonyl-D-alanyl)-2(R)- 1 1 (RS)- 1 (benzyl- 
oxy)carbamoyl]-4-phenylbutyl]-2'-isobutyl-4-methylvalerohydrazide in the form of a 
white foam. 

25 Example 34 

2'-(D-Alanvl)-2(R)-l 1 (RS)-(hvdroxvcarbamovl)butyll-2 , -isobutyl-4-methvlvalero- 
hydrazide hydrochloride 

30 A solution of 0.560 g of 2 , -(N-benzyloxycarbonyl-D-alanyl)-2(R)- [ 1 (RS)- 

[(benzyloxy)carbamoyl]-3-butenyl]-2'-isobutyl-4-methylvalerohydrazide in 25 ml of 
methanol was hydrogenated in the presence of 0.150 g of 5% palladium-on-carbon 
for 2 hours. The catalyst was removed by filtration and the solvent was evaporated. 
The residue was triturated with diethyl ether to give 0.480 g of 2'-(D-alanyl)-2(R)- 

35 [l(RS)-(hydroxycarbamoyl)butyl]-2'-isobutyl-4-methylvalerohydrazide in the form 
of a white solid. This solid was then dissolved in 2 ml of dioxan and the solution was 
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treated with 0.5 ml of 4M hydrogen chloride in dioxan. The mixture was stirred at 
room temperature for 1 5 minutes and then diluted with diethyl ether. Filtration and 
drying gave 0.188 g of 2 , -(D-alanyl)-2(R)-[ 1 (RS)-(hydroxycarbamoyl)butyl] -2'- 
isobutyl-4-methylvalerohydrazide hydrochloride in the form of a white solid. 

5 MS:373 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.54 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

10 

The 2 , -(N-benzylox>'carbonyl-D-alanyl)-2(R)-[l(RS)-l(benzyloxy)carbanv 
oyl]-3-butenyl]-2'-isobutyl-4-methylvalerohydrazide used as the starting material was 
prepared as follows: 

15 In an analogous manner to that described in Example 33, parts (i)-(iv), but 

using 2(R)-| 1 (RS)-(tert-butoxycarbonyl)-3-butenyl]-4-methylvaleric acid in place of 
2(R)-[l(RS)-(tert-butoxycarbonyl)-4-phenylbutyl]-4-methylvaleric acid, there was 
obtained 2 , -(N-benzyloxycarbonyl-D-alanyl)-2(R)-[ 1 (RS)-((ben/.yloxy)carbamoyl]- 
3-butenyl]-2 , -isobutyl-4-methylvalerohydrazide in the form of a colourless glass. 

20 MS: 595 (M+H) + . 

Example 35 

2^(D-Alanvn-2(RV[4-cvclohexvl-l(RSV(hvdroxvcarb amovnbutvl1-2 , -i.sobutvl-4> 
25 methvlvalerohvdrazide 

In a manner analogous to that described in Example 33, but using 2(R)-(4- 
cyclohexyl-l(RS)-(tert.-butoxycarbonyl)butyl]- 2Msobutyl-4-methylvalerohydrazide 
in place of 2(R)-[l(RS)-(tert.-butoxycarbonyl)-4-phenylbutyl]-2 , -isobutyl-4-methyl- 
30 valerohydrazide in part (ii), there was obtained 2 , -(D-alanyl)-2(R)-[4-cyclohex7l- 

l(RS)-(hydroxycarbamoyl)butyl]-2'-isobutyl-4-methylvalerohydrazide in the form of 

a white solid. 
MS: 455 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
35 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 1 1.87 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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The 2(R)-(4-cyclohexyl-l(RS)-(tert.-butoxycarbonyl)butyl]-2'-isobutyl-4- 
methylvalerohydrazide used as the starting material was prepared as follows: 

A solution of 0.900 g of 2{R)-[ 1 (RS)-(tert-butoxycarbonyl)'4-phenylbutyl]-2 , - 
isobutyl-4-methylvalerohydrazide [prepared as described in Example 33, part (i)] in 
30 ml of acetic acid was hydrogenated in the presence of 0.300 g of platinum(IV) 
oxide for 2 hours. The catalyst was removed by filtration and the solvent was evapor- 
ated. The residue was purified by flash column chromatography on silica gel using 
ethyl acetate/hexane (1:5) for the elution to give 0.370 g of 2(R)-[4-cyclohexyl-l(RS)- 
(tert.-butoxycarbonyl)butyl]- 2'-isobutyl-4-methylvalerohydrazide in the form of a 
colourless oil. 
MS: 425 (M + H)+. 



(E)-2(R)-| l(S)-(Hvdroxvcarlximovl)-4-p]icnvl>3-biitenyl|-2'-isobutvl-4-methyl-2'- 
(D-phenvlalanylWalerohydrazide p-toluenesulphonate 

A solution of0.288gof(E)-2(R)-[l(S)-(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2'-(D-phenylalanyl)vaIero- 
hydrazide in 3 ml of methanol was treated with 0.099 g of p-toluenesulphonic acid 
monohydrate. The mixture was stirred for 3 hours at room temperature and evapor- 
ated. The residue was triturated with diethyl ether and then with hexane, filtered off 
and dried to give 0.232 g of (E)-2(R)-| 1 (S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-2 , -isobutyl-4-methyl-2 , -(D-phenylalanyl)valerohydrazide p-toluenesul- 
phonate in the form of a pale yellow solid. 
MS: 523 (M+H)+. 

HPLC; Gradient elution using solvent A containing 10% solvent B for 5 minutes 
increasing to 99% solvent B from 5 minutes to 15 minutes; flow rate 1 ml per minute. 
Retention time: 12.01 minutes. Solvent A: H2O/0.1% TFA; solvent B: 
CH3CN/0.085% TFA. Column type: HYPERPEP 300A. 

The (E)-2(R)-[l(S)-(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2 , -isobutyl-4-methyl-2'-(D-phenylaIanyl)valerohydrazide used as the 
starting material was prepared as follows: 



Example 36 
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(i) A solution of 1.01 gof (E)-2(R)-n(S)-(tcrt-butoxycarbonyl)-4-phenyl-3- 
butenyll^'-isobutyM-methylvalerohydrazide in 10 ml of dichloromethane was 
treated with 0.22 ml of pyridine and 1.04 g of N-(9-fluorenylmethyloxycarbonyl)-D- 
phenylalanyl acid fluoride. The mixture was stirred overnight at room temperature 

5 and then evaporated and the residue was taken up in ethyl acetate. The ethyl acetate 
phase was washed with 2M aqueous hydrogen chloride, 5% aqueous sodium 
hydrogen carbonate and brine and then dried over anhydrous magnesium sulphate. 
The solvent was evaporated to give 1.95 g of (E)-2(R)- [ 1 (S)-(tert-butoxycarbonyl)-4- 
phenyl-3-butenyl]-2'-isobutyl-2 , -[N-(9-fluorenylmethyloxycarbonyl)-(D-phenyl- 

10 alanyl)]-4-methylvalerohydrazide in the form of a pale yellow oil. 
MS: 786(M+H)+. 



(ii) In an analogous manner to that described in Example 1, part (v)-(vi), starting 
from (E)-2(R)-[ l(S)-(tert-butoxycarbonyl)-4-phenyl-3-butenyl|-2 , -isobutyl-2'-[N- 

15 (9-fluorenylmethyloxycarbonyl)-(D-phenylalanyl)]-4-melhylvalerohydrazide there 
was obtained (E)-2(R)-[ 1 (S)-[ (telrahydro-2(RS)-pyranyloxy)carbamoyl)-4-phenyl-3- 
butenyl]-2 , -isobutyl-2 , -[N-(9-f]uorenylmethyIoxycarbonyl)-(D-phenylalanyl)]-4- 
methylvalerohydra/ide in the form of a white solid. 
MS: 745(M-THP+H)+. 

20 

(iii) In an analogous manner to that described in Example 23, part (iii), starting 
from (E)-2(R)-M(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoy1]-4-phenyl-3- 
butenyl]-2 , -isobutyl-2 , -|N-(9-fluorenyImcthyloxycarbonyl)-(D-phenylalanyl)]-4- 
methylvalerohydrazide there was obtained (E)-2(R)-[ 1 (S)-(tctrahydro-2(RS)-pyranyl- 

25 oxyJcarbamoyll^-phenyl^-butenylj^'-isobutyl^-methyl^'-CD-phenylalanyl)- 
valerohydrazide in the form of a pale pink solid. 

MS: 607(M+H)+. 



Example 37 

30 

(E)-2(R)-f1(S)- (Hvdroxvcarbamovn>4-phenvl-3-butenvl1-2 , -isobutvl-4-methvl-2 , - 
f2-( l-pyrrolidinvnacetvUvalerohydrazide p-toluenesulphonate 



A solution of 0.363 g of (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyIoxy)carbam- 
35 oyl]-4-phenylO-butenyl]-2'-isobutyl-4-methyl-2 , -[2-(l-pyrrolidinyl)acetyl]valero- 
hydrazide in 5 ml of methanol was treated with 0. 1 33 g of p-toluenesulphonic acid 
monohydrate. The mixture was stirred for 4 hours at room temperature and evapor- 
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ated. The residue was triturated with diethyl ether, filtered off and dried to give 0.3 17 
g of (E)-2(R)-| l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyI-4-mcthyl- 
2'-[2-(l-pyrrolidiny])acetyl]valerohydrazide p-toluenesulphonate in the form of a 
white solid. 
5 MS:487 (M + H)+. 

HPLC: Gradient elution using solvent A containing 10% solvent 13 for 5 minutes 
increasing to 99% solvent B from 5 minutes to 15 minutes; flow rate 1 ml per minute. 
Retention time: 1 1.24 minutes. Solvent A: H2O/0.1% TFA; solvent B: 
CH3CN/0.085% TFA. Column type: HYPERPEP 300A. 

0 

The (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoy]]-4-phenyl-3- 
butenyl]-2 , -isobutyl-4-methyl-2 , -[2-(l-pyrroIidinyl)acetyl]valerohydrazide used as 
the starting material was prepared as follows: 



15 A solution of 0.309 g of 2-( 1 -pyrrolidinyl)acetic acid hydrogen bromide in 

20 ml of dimethylformamide was treated in sequence with 0.324 ml of N-ethyl- 
morpholine, 0.212 g of 1 -hydroxybenzotriazole and 0.301 g of l-ethyl-3-(3- 
dimethylaminopropyl)-carbodiimide hydrochloride. Stirring was continued at room 
temperature and for 1 hour then 0.450 g of (E)-2(R)-[ 1 (S)-[(tetrahydro-2(RS)- 

20 pyranyloxy)caibamoyl]-4-phenyl-3-buteny]]-2 , -isobutyl-4Miiethylvalert)hydra/ide 
was added. Stirring was continued overnight at room temperature and then the 
solvent was evaporated and replaced by ethyl acetate. The ethyl acetate phase was 
washed with 5% aqueous sodium hydrogen carbonate and brine and then dried over 
anhydrous magnesium sulphate. Evaporation and trituration of the residue with 

25 diethyl ether gave 0.363 g of (E)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyloxy)car- 
bamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2'-[2-(l-pyrroIidinyl)acetyl]- 
valerohydrazide in the form of a white solid. 
MS: 571 (M+H)+ 

30 Example 38 

(E)-2(R)-H(S)- (HvdroxAxarbamovl)>4-phenvl>3-butenvll-2 , MSobutvl-4-methvl-2 t - 
f2-morpholinoacetvllva]erohvdrazide p-toluenesulphonate 



35 



In a manner analogous to that described in Example 37, but using 2-morpho- 
linoacetic acid hydrogen bromide in place of 2-(l-pyrrolidinyl)acetic acid hydrogen 
bromide, there was obtained (E)-2(R)-[ l(S)-(hydrox>'carbamoyl)-4-phenyl-3- 
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30 



butenyl]-2'-isobutyl-4-methyl-2 , «[2-morpholinoacetyl]valerohydrazide p-toluene- 
sulphonate in the form of a white solid. 
MS: 503 (M+H)+. 

HPLC: Gradient elution using solvent A containing 10% solvent B for 5 minutes 
increasing to 99% solvent B from 5 minutes to 15 minutes; flow rate 1 ml per minute. 
Retention time: 11.10 minutes. Solvent A: H2O/0.1%TFA; solvent B: 
CH3CN/0.085% TFA. Column type: HYPERPEP 300A. 



(EV2(RH l(S)-(Hvdroxvcarbamovn-4-phenvl-3-butenvll-2''isobutvU2'-f2-methoxv- 
acen'D-4-methvlvalerohvdrazide 

A solution of 0.543 g (E)-2(R)-[ l(S)-(tetrahydro-2(RS)-pyranyloxy)carbam- 
oyl]-4-phenyl-3-butenyl]-2'-isobutyl-2'-(2-methoxyacetyl)-4-methylvalerohydrazide 
in 2 ml of dioxan was treated with 1 ml of 4M hydrogen chloride in dioxan. The 
mixture was stirred for 1.5 hours at room temperature and then diluted with 80 ml of 
diethyl ether. Filtration gave 0.245 g of (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4- 
phenyl-3-butenyl]-2'-isobutyl"2 , -(2-methoxyacetyl)-4"methylvalerohydrazidein the 
form of a white solid. 
MS:448(M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.13 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The (E)-2(R)-[l(S)-(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2 , -isobutyl-2'-(2-methoxyacetyl)-4-methylvalerohydra2ide used as the 
starting material was prepared as follows: 

A solution of 0.180 g of methoxyacetic acid in 10 ml of dimethylformamide 
was treated in sequence with 0.254 ml of N-ethylmorpholine, 0.270 g of 1-hydroxy- 
benzotriazole and 0.384 g of l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide 
hydrochloride. Stirring was continued at room temperature for 1 hour and then 
0.459 g of (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl^'-isobutyM-methylvalerohydrazide was added. Stirring was continued at 
room temperature overnight and then the solvent was evaporated and replaced by 
ethyl acetate. The ethyl acetate layer was washed with 5% aqueous citric acid, 5% 



Example 39 
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aqueous sodium hydrogen carbonate and brine and then dried over anhydrous 
magnesium sulphate. Evaporation and trituration with diethyl ether gave 0.543 g of 
(E)-2(R)-[l(S)-(tetrahydro-2(RS)-pyranylox7)carbamoyl]-4-phenyI-3-butenyl]-2'- 
isobut)'l-2'-(2-methoxyacetyl)-4-methylvalerohydrazide in the form of a white solid. 
MS: 532(M+H) + . 

Example 40 

(EV2(RVfKSV(Hvdroxvcarbamovn-4-phenvl-3-butenvll-2 , 'isobutvl-4-methvl-2'- 
[2-( , methy]amino)acety , nvalerohydrazide hydrochloride 

In a manner analogous to that described in Example 39, but using N-tert.- 
butoxycarbonyl-N-methylglycine in place of methoxyacetic acid there was obtained 
(E)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2 , -[2- 
(methylamino)acetyl]valerohydrazide hydrochloride in the form of a white solid. 
MS: 447(M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.54 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

Example 41 

(E)-2(RHl(SV(Hvdroxvcarbam 
[(2-pvridv0carbonvI1valerohvdrazide hydrochloride 

In a manner analogous to that described in Example 8, but using picolinic acid 
in place of N-tert.-butoxycarbonyl-(3-alanine, there was obtained (E)-2(R)-[1(S)- 
(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl~4-methyl-2'-[(2-pyridyl)- 
carbonyl]-valerohydrazide hydrochloride in the form of a white solid. 
MS: 481 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 1 1.38 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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Example 42 

(P y2(RWlfSV(HvdroxvcarbamovlM-ph^ 
[(^(RSVpiperidinvlkarbonvINalerohvdrazide hydrochloride 

In a manner analogous to that described in Example 8, but using racemic N- 
tert.-butoxycarbonylnipecotic acid in place of N-tert.-butoxycarbonyl-p-alanine, 
there was obtained (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , - 
isobutyl'4-methyl-2'-[(3(RS)>piperidinyl)carbonyl]valerohydrazide hydrochloride in 
the form of a white solid. 
MS: 487 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.89 and 
11.01 minutes. Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column 
type: HYPERPEP 300A. 

Example 43 

(RV2 , -fTetrahvdro-2(RS)-mrovlV2(RVri(SV(hvdrox^carbamovn-4-phenvl-3- 
butenvll-2'-isobuWl-4-methvlvalerohvdrazide 

In a manner analogous to that described in Example 8, but using tetrahydro- 
2(RS)-furancarboxylic acid in place of N-tert.-butoxycarbonyl-p-alanine, there was 
obtained (E)-2 t -(tetrahydro-2(RS)-furoyl)-2(R)-[l(S)-(hydrox>xarbamoyl)-4-phenyl- 
25 3-butenyl]-2'-isobutyl-4-methylvalerohydrazide in the form of a white solid. 
MS: 474 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.39 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
30 HYPERPEP 300A. 

Example 44 

fE)'2(R)4l(S)-(HvdroxYcarbamovn-4'phenvl-3-butenvll>2 , -isobutv^4-methv^2 , •- 
35 [ (4-piperidinvOcarbonyll valerohvdrazide hydrochloride 



In a manner analogous to that described in Example 8, but using N-tert.- 
butoxycarbonyl isonipecotic acid in place of N-tert.-butoxycarbonyl-P-alanine> there 
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was obtained (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4- 
methyl-2 , -[(4-piperidinyl)carbonyl]valerohydrazide hydrochloride in the form of a 
white solid. 
MS: 487 (M+H) + . 

5 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.55 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

10 Example 45 

(EV2fR)-fUS)-(HvdroxvcarbamovlV4>phenv^3-butenvl1-2 , -isobutv^4-methvl-2 , - 
(L-valvnvalerohvdrazide hydrochloride 

15 In a manner analogous to that described in Example 8, but using N-tert.- 

butoxycarbonyl-L-valine in the place of N-tert.-butoxycarbonyl-P-alanine, there was 
obtained (E)-2(R)-[ l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4- 
methyl-2'-(L-valyl)valerohydrazide hydrochloride in the form of a white solid. 
MS: 475 (M+H)+ 

20 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 1 1.09 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

25 Example 46 

fE)-2^(D-a-Aminobumvn-2rR)-flfS)-(hvdroxycarbamovl)-4-phenvK3-butenvU-2 , ~ 
isobutvl-4-methvlvaIerohvdrazide hydrochloride 

30 In a manner analogous to that described in Example 8, but using N-tert.- 

butoxycarbonyl-D-a-aminobutyric acid in place of N-tert.-butoxycarbonyl-(3- 
alanine, there was obtained (E)-2'-(D-a-aminobutyryl)-2(R)-[ l(S)-(hydroxy- 
carbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalerohydrazide hydrochloride 
in the form of a white solid. 

35 MS: 461 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.89 minutes. 
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Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 47 



5 



fEV2(RHl(SMHydroxycarbamovlV4-phenyI-3-bute^^ 
[(5-oxo-2(S)-pvrrolidinvlkarbonvl1valerohvdrazide 

In a manner analogous to that described in Example 8, but using L-pyroglut- 
10 amic acid in place of N-tert.-butoxycarbonyl-(3-alanine, there was obtained (E)-2(R)- 
[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2 , -[(5-oxo- 
2(S)-pyrrolidinyl)carbonyl]valerohydrazide in the form of a white solid. 
MS: 487 (M+H) + 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
15 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.56 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



fE)-2(RVf l(S)-(HvdroxvcarbamovlV4-phenvl-3-butenvl1-2 , ~isobutvl-4-methv]~2'- 
[(5-oxo-2fR)-pvrrolidinvl)carbonvllvalerohvdrazide 

In a manner analogous to that described in Example 8, but using D-pyroglut- 
25 amic acid in place of N-tert.-butoxycarbonyl-p-alanine, there was obtained (E)-2(R)- 
[ 1 (S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl ] -2'-isobutyl-4-methyl-2 , - [ (5-oxo- 
2(R)-pyrrolidinyl)carbonyl]valerohydrazide in the form of a white solid. 
MS: 487 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
30 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.54 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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(EV2'-(DL-P-Aminobutyryn-2(^^^ 
2 > -isobutvl-4->methvlva1erohvdrazide hydrochloride 



In a manner analogous to that described in Example 8, but using racemic N- 
tert.-butoxycarbonyl-P-aminobutyric acid in place of N-tert.-butoxycarbonyl-P- 
alanine, there was obtained (E)-2'-(DL-p-aminobutyryl)-2(R)-[l(S)-(hydroxy- 
carbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4-methylvalerohydrazide hydrochloride 
10 in the form of a white solid. 
MS: 461 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.54 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 



(EV2(R)4l(SVfHvdroxvcarbamovn-4-phenvl-3-butenyll-2 , -isobutvl-4-methyl>2'- 
20 (2-piperidinoacetvl)valerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in Example 37, but using 2- 
piperidinoacetic acid hydrogen bromide in place of 2-(l-pyrrolidinyl)acetic acid 
hydrogen bromide, there was obtained (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4- 
25 phenyl-3-butenyI]-2'-isobutyl-4-methyl'2 , -(2-piperidinoacetyl)valerohydrazidep- 
toluenesulphonate in the form of a white solid. 
MS: 501 (M+H)+. 

HPLC: Gradient elution using solvent A containing 10% solvent B for 5 minutes 
increasing to 99% solvent B from 5 minutes to 15 minutes; flow rate 1 ml per minute. 



5 



15 HYPERPEP 300 A. 



Example 50 



30 Retention time: 1 1.62 minutes. Solvent A: H2O/0.1% TFA; solvent B: 
CH3CN/0.085% TFA. Column type: HYPERPEP 300A. 
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(E)-2(R)'(USV(Hvdroxvcarbamovn-4-phenvl-3-butenvIl-2 , -isobutvI-4-methvI••2 , - 
(D-norvalyOvalerohydrazide hydrochloride 



In a manner analogous to that described in Example 8, but using N-tert.- 
butoxycarbonyl-D-norvaline in the place of N-tert.-butoxycarbonyl-P-alanine, there 
was obtained (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4- 
methyl-2'-(D-norvalyl)valerohydrazide hydrochloride in the form of a white solid. 
10 MS: 475 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.30 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



(EV2(R)-f l(S)-(Hvdroxvcarbamovn-4-phenvl-3-butenvl^2'-isobutv^4-methvl-2 , - 
(D-valvl)valerohvdrazide p-toluenesulphonate 

20 

In a manner analogous to that described in Example 5, but using N-(9-fluorenyl- 
methyloxycarbonyl)-D-valine acid fluoride in the place of N-(9-fluorenylmethyl- 
oxycarbonyl)-0-tert.butyl-D-serine acid fluoride, there was obtained (E)-2(R)-[1(S)- 
(hydro\7carbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2 , -(D-valyl)valero- 
25 hydrazide p-toluenesulphonate in the form of a white solid. 
MS: 475 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.11 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
30 HYPERPEP 300A. 



fEV2 , -(3-Amino>2(RS)-methvlpropionvl)-2fR)-fUS)-(hvdroxvcarbamovn-4-phenvl- 
35 3-butenvl1-2 , -isobutvl-4-methvlvalerohvdrazide hydrochloride 



5 



15 



Example 52 



Example 53 



In a manner analogous to that described in Example 8, but using N-tert.- 
butoxycarbonyl-3-amino-2(RS)-methylpropionic acid in place of N-tert.-butoxy- 
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carbonyl-p-alanine, there was obtained (E)-2 , -(3-amino-2(RS)-methylpropionyI)- 
2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl^ 
hydrazide hydrochloride in the form of a white solid. 
MS: 461 (M+H)+ 

5 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.75 and 10.87 
minutes. Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



10 Example 54 

(E)-2 , -f2-fDiethvlamino)acetvl1-2(R)-[l(S)-(hvdroxvcarbamovlV4-phenvU3- 
butenvn-2'-isoburvl-4-methvlvalerohvdrazide p-toluenesulphonate 



15 In a manner analogous to that described in Example 37, but using 2-(diethyl- 

amino)acetic acid hydrogen bromide in place of 2-(l-pyrrolidinyl)acetic acid 
hydrogen bromide, there was obtained (E)-2 , -[2-(diethylamino)acetyl]-2(R)-[l(S)- 
(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalerohydrazide p- 
toluenesulphonate in the form of a white solid. 

20 MS:489(M+H)+. 

HPLC: Gradient elution using solvent A containing 10% solvent B for 5 minutes 
increasing to 99% solvent B from 5 minutes to 15 minutes; flow rate 1 ml per minute. 
Retention time: 1 1.65 minutes. Solvent A: H2O/0.1% TFA; solvent B: 
CH3CN/0.085% TFA. Column type: HYPERPEP 300A. 

25 

Example 55 

(EV2(R)-fl(S)>(Hvdroxvca rbamovn>4-phenvl-3-butenvl]-2^isobutvl-4-methvU2'- 
r2>rmethvlthio)a cetvl]valerohvdrazide hydrochloride 

30 

In a manner analogous to that described in Example 8, but using (methyl- 
thio)acetic acid in place of N-tert.-butoxycarbonyl-(3-alanine, there was obtained (E)- 
2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2 , -(2- 
(methylthio)acetyl]valerohydrazide hydrochloride in the form of a white solid. 
35 MS: 464 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.09 minutes. 
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Example 56 



5 



(E)-2(R)-fl(S)-(Hvdro^carbamovn-4-phenvl-3>butcnvll-2 , >f2-(l- 
imidazolvl)acetvl1-2 , 'i$obutvl-4-rnethylvalerohvdrazide p-toluenesulphonate 



In a manner analogous to that described in Example 11, but using 2-(l- 



10 imidazoyl)acetic acid in place of N-acetyl-glycine, there was obtained (E)-2(R)-[1(S)- 
(hydroxycarbamoyl)-4-phenyI-3-butenyl]-2 , -[2-(l-imidazolyl)acetyl]-2 , -isobutyl-4- 
methylvalerohydrazide p-toluenesulphonate in the form of a white solid. 
MS: 484 (M+H) + 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
15 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.99 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



fE)~2(R)-fKS)>(Hvdroxvcarbamovn-4-phenvl-3-butenvl1-2 , -isobutvl-4-methvl>2'- 
r2-(l-piperazinvl)acetvl]valerohvdrazide hydrochloride 

In a manner analogous to that described in Example 8, but using 2-(l-pipera- 
25 zinyl)acetic acid in place of N-tert.-butoxycarbonyl-(3-alanine, there was obtained 

(E)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2'-[2- 
(l-piperazinyl)acetyl]valerohydrazide hydrochloride in the form of a white solid. 
MS: 502 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
30 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.48 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 57 
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Example 58 

fEV2'-(Tetrahvdro-L4-^ 

butenvl1-2'-isobuM-4-methvlvalerohvdrazide p-toluenesulphonate 

5 

In a manner analogous to that described in Example 11, but using 2-(tetra- 
hydro-l,4-thiazin-4-yl)acetic acid in the place of N-acetyl-glycine, there was obtained 
(E)-2 , -(tetrahydro-l,4-thiazin-4-yl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-2'-isobutyl-4-methylvalerohydrazide p-toluenesulphonate in the form of a 
10 white solid. 

MS: 551 (M+H)+ . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 1 1.36 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
15 HYPERPEP 300A. 

Example 59 

(E)-2 , -(D-Alanvn-2 , -( f cvclopropvlmethvn-2(R)-[USV(hvdroxvcarbamovn-4-phenyl- 
20 3-butenvIl- 4-methvlvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.083 g of (E)-2'-(D-alanyl)-2 , -(cyclopropylmethyl)-2(R)-[ 1(S)- [(tetra- 
hydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazide 
25 there was obtained 0.064 g of (E)-2 , -(D-alanyl)-2 , -(cyclopropylmethyl)-2(R)-[l(S)- 
(hydroxycarbamoyl)-4-phenyl-3-butenyl] - 4-methylvalerohydrazide p-toluenesul- 
phonate in the form of a pale pink solid. 
MS: 445 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
30 solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.392 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



The(E)-2 , -(D-alanyl)-2'-(cyclopropylmethyl)-2(R)-[l(S)-[(tetrahydro-2(RS)- 
35 pyranyloxy)carbamoyl] -4-phenyl-3-butenyl] -4-methylvalerohydrazide used as the 
starting material was prepared as follows: 
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(i) A mixture of 11 g of pentafluorophenol and 4.12 g of 1,3-dicyclohexyl- 
carbodiimide in 50 ml of hexane was stirred at room temperature for 5 minutes. The 
resulting solid was filtered off, washed with hexane, dried and then added to a 
solution of 5.0 g of (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4- 

5 methylvaleric acid in 50 ml of dimethoxyethane. The mixture was left to stand at 4°C 
overnight and then filtered to remove dicyclohexylurea. The filtrate was evaporated, 
the residue was dissolved in 50 ml of dichloromethane and 3 ml of hydrazine hydrate 
were added to the solution obtained. The mixture was stirred for 6 hours and then 
washed in sequence with 5% citric acid solution, saturated sodium hydrogen 

10 carbonate solution, water and saturated sodium chloride solution, dried over 

anhydrous magnesium sulphate and evaporated. The residue was triturated with 
hexane/ ethyl acetate (4:1) and the resulting solid was filtered off. There were obtained 
4.68 g of (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methylvalero- 
hydrazide in the form of an off-white solid. 

15 MS: 361 (M+H) + . 

(ii) A solution of 0.5 g of (E)-2(R)- [ 1 (S)-(tert.-butoxycarbonyl)-4-phenyl-3- 
butenyI]-4-methylvalerohydrazide, 0.097 g of cyclopropane carboxaldehyde and a 
crystal of 4-toluenesulphonic acid in 5 ml of dichloromethane was stirred for 0.2 hour 

20 over 4A moleculer sieves. The mixture was filtered and the solvent was evaporated 
with 5 ml of methanol. A few crystals of bromocresol green were added to give a 
yellow solution. To this was added 0.092 g of sodium cyanoborohydride in small 
batches. The yellow colour of the solution was maintained by the periodic addition of 
a 4M solution of hydrogen chloride in dioxan. The methanol was evaporated and the 

25 residue was partitioned between ethyl acetate and 5% aqueous sodium hydrogen 
carbonate solution. The ethyl acetate phase was washed twice with 5% aqueous 
sodium hydrogen carbonate and then with saturated sodium chloride solution, dried 
over anhydrous magnesium sulphate and the solvent evaporated. The residue was 
purified by flash chromatography on silica gel using hexane/ethyl acetate (4:1) for the 

30 elution. There was obtained 0.258 g of (E)-2 , -(cyclopropylmethyl)-2(R)-[ 1 (S)-(tert.- 
butoxycarbonyl)-4-phenyl-3-butenyl]-4-methy!valerohydrozide in the form of a 
white solid. 



MS:415(M+H)\ 



35 (iii) In an analogous manner to that described in Example 18, parts (i)-(iv), 
starting from (E)-2 , -(cyclopropylmethyl)-2(R)-[ l(S)-(tert.-butoxycarbonyl)-4- 
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6? 

phenyl-3-butenyl]-4-methylvalerohydrazide and N-(9-fluorenylmethyloxycarbonyl)- 
D-alanine acid fluoride there was obtained (E)-2'-(D-alanyl)-2 , »(cyclopropylmethyl)- 
2(R)-[l(S)-[(tetrahydro-2(RS)-pyranylox7)carbamoyl]-4-phenyl-3-butenyl]-4- 
methylvalerohydrazide in the form of a gum. 
5 MS:529 (M+H)\ 

Example 60 

(EV2 , -(D-A]anvlV2 , -benzvl-2(R)-[l(S)-fhvdroxvcarbamovIV4-phenvl-3-butenvn-4- 
10 methylvalerohydrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
from 0.09 g of (E)-2 , -(D-alanyl)-2 , -benzyl-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyl-4-phenyl-3-butenyl]-4-methylvalerohydrazide there was obtained 
15 0.096 g of (E)-2 , -(D-alanyl)-2'-benzyl-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-4-methylvalerohydrazide p-toluenesulphonate in the form of a pale pink 
solid. 

MS: 481 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
20 solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 1 1.190 minutes. 
Solvent A: H 2 O/0.1% TFA. solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The(E)-2 , -(D-alanyl)-2 , -benzyl-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
25 carbamoyl] -4-phenyl-3-butenyl]-4-methylvalerohydrazide used as the starting 
material was prepared as follows: 

(i) A mixure of 3.46 g of (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3- 
butenyl]-4-methyIvaleric acid, 4.0 g of N-methyl morpholine, 2.95 g of benzyl- 

30 hydrazine dihydrochloride and 1.7 g of 1-hydroxybenzotriazole hydrate in 25 ml of 
dimethylformamide was cooled to 0°C while stirring under nitrogen and 2.4 g of 1- 
ethyl-3-(3-dimethylaminopropyl)carbodiimide were added. The mixture was 
gradually allowed to come to room temperature and was then stirred overnight. The 
dimethylformamide was evaporated and the residue was partitioned between ethyl 

35 acetate and saturated sodium hydrogen carbonate solution. The ethyl acetate phase 
was washed in sequence with water, 5% citric acid solution, water and saturated 
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acetate was evaporated to give a yellow gum. Crystallization from hexane gave 1.87 g 
of (E)-2'-benzyU2(R)-[l(S)-(tert.-butoxy^ 
valerohydrazide as a white solid. 
5 MS: 451 (M+H) + . 

(ii) In an analogous manner to that described in Example 18, parts (i)-(iv), 
starting from (E)-2'-benzyl-2(R)-[l(S)-(tert.-butox)'carbonyl)-4-phenyl-3-butenyl]- 
4-methylvalerohydrazide and N-(9-fluorenylmethyloxycarbonyl)-D-alanine acid 
10 fluoride there was obtained (E)-2'-(D-alanyl)-2 , -benzyl-2(R)-[ l(S)-[(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl-4-phenyl-3-butenyl]-4-methylvalerohydrazide in the 
form of a white foam. 
MS: 565 (M+H)\ 

15 Example 61 

(E^^'-fD-Alanvn^rRl-fUSVfhvdroxvcarbamovn^-phenvI-S-butenvll^-methvl^'- 
(3-methvl-2-butenvI)valerohydrazide p-toluenesulphonate 

20 In a manner analogous to that described in the first paragraph of Example 5, 

starting from 0.072 mg of (E)-2'-(D-alanyl)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyl]-4-phenyl-3-butenyl]-4-methyl-2'-(3-methyI-2-butenyl)valerohydra- 
zide there was obtained 0.052 g of (E)-2'-(D-alanyl)-2(R)- [ l(S)-(hydroxycarbamoyl)- 
4-phenyl-3-butenyl]-4-methyl-2'-(3-methyl-2-butenyl)valerohydrazide p-toluenesul- 

25 phonate in the form of an off-white solid. 
MS: 459 (M+H)\ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 1 1.052 minutes. 
Solvent A: H 2 0/1% TFA; solvent B: CH3CN/0.085% TFA. Column type: HYPERPEP 



The (E)-2 , -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbam- 
oyl]-4-phenyl-3-butenyl]-4-methyl-2 , -(3-methyl-2-butenyl)valerohydrazide used as 
the starting material was prepared as follows: 

35 



30 300A. 
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In a manner analogous to that described in Example 59, parts (ii) and (iii), 
starting from (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl- 
valerohydrazide and 3-methylcrotonaldehyde there was obtained (E)-2'-(D-alanyl)- 
2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4- 
5 methyl-2^3-methyl-2-butenyl)valerohydrazide in the form of a gum. 
MS: 543 (M+H + . 

Example 62 

10 fEy2 , -fD-Alanvl)-2(RVfl(SMhvd™ 

octvlvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.156 g of (E)-2'-(D-alanyl)-2(R)-[ l(SH(tetrahydro-2(RS)-pyranyl- 
15 oxy)carbamoyl]-4-phenyl-3-butenyl]-4-methyl-2'-octylvalerohydrazide there was 
obtained 0.131 g of (E)-2 , -(D-alanyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-4-methyl-2'-octylvalerohydrazide p-toluenesulphonate in the form of a pale 
yellow solid. 
MS: 503 (M+H + . 

20 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 13.283 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

25 The(E)-2^(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]- 
4-phenyl-3-butenyl]-4-methyl-2'-octylvalerohydrazide used as the starting material 
was prepared as follows: 

In a manner analogous to that described in Example 59, parts (ii) and (iii), 
30 starting from (E)-2(R)- [(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl- 
valerohydrazide and octyl aldehyde there was obtained (E)-2'-(D-alanyl)-2(R)-[l(S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methyl-2'-octyl- 
valerohydrazide in the form of a gum. 
MS: 587 (M+H) + . 
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(EV2'-fD-Alanvn-2M(cvcIohe^ 

phenvl-3-butenvll -4-methvlvalerohydrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.180 g of (E)-2 , -(D-alanyl)-2 , -[(cyclohex7l)methyl]-2(R)-[l(S)-[(tetra- 
hydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazide 
there was obtained 0.196 g of (E)-2 , -(D-alanyl)-2'-[(cyclohexyl)methyl]-2(R)-[l(S)- 
(hydrox7carbamoyl)-4-phenyl-3-butenyl]-4-methylvalerohydrazide p-toluenesul- 
phonate in the form of a pale yellow solid. 
MS: 487 (M+H+. 

HPLC: Gradient solution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 11.987 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The(E)-2 , -(D-alanyl)-2 , -[(cyclohexyl)methyl]-2(R)-[l(S)-[(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazide used as 
the starting material was prepared as follows: 

In a manner analogous to that described in Example 59, parts (ii) and (iii), 
starting from (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl)-4-methyl- 
valerohydrazide and cyclohexanecarboxaldehyde there was obtained (E)-2 , -(D- 
alanyl)-2'-[(cyclohexyl)methyl]-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)car- 
bamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazide in the form of a gum. 
MS: 571 (M+H) + . 



(E)-2 , -(D-AlanvI)-2(R > l-^lfS^(hvdroxvcarbamovn-4-phenv^3-butenvl1-4-methvl-2 , - 
neopentvl valerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.062 g of (E)-2'-(D-alanyl)-2(R).[l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyl]-4-phenyl-3-butenyl]-4-methyl-2 , -neopentylvalerohydrazide there 



Example 64 
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was obtained 0.065 g of (E)-2'-(D-alanyl)-2(R)- [ 1 (S)-(hydroxycarbamoyl)-4-phenyl- 

3- butenyl]-4-methyl-2'-neopentylvalerohydrazide p-toluenesulphonate in the form of 
a pale yellow solid. 

MS: 461 (M+H + . 

5 HPLC; Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 11.45 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

10 The(E)-2 , -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]- 

4- phenyl-3-butenyl]-4-methyl-2 , -neopentylvalerohydrazide used as the starting 
material was prepared as follows: 

In a manner analogous to that described in Example 59, parts (ii) and (iii), 
15 starting from (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl- 
valerohydrazide and trimethylacetaldehyde there was obtained (E)-2'-(D-alanyl)- 
2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4- 
methyl-2'-neopentylvaIerohydrazide in the form of a gum. 
MS: 545 (M+H) + . 

20 

Example 65 

fE)-2 , -(D>Alanvn-2(RVfnS^-rhvdroxvcarbamovn^4-phenvl>3-butenvl1-4-methvI-2'- 
f33>dimethvlbut\4 > )valerohvdrazide p-toluenesulphonate 

25 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.148 g of (E)-2'-(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyl]-4-phenyl-3-butenyl]-4-methyl-2 , -(3,3-dimethylbutyl)valerohydra- 
zide there was obtained 0.163 g of (E)-2'-(D-alanyl)-2(R)-[l(S)-(hydroxycarbamoyl)- 
30 4-phenyl-3-butenyl]-4-methyl-2 , -(3,3-dimethylbutyl)valerohydrazide p-toluenesul- 
phonate in the form of a pale pink solid. 
MS: 475 (M+H)\ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutres; flow rate 1 ml/minute. Retention time: 1 1.652 minutes. 
35 Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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The (E)-2 , -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]- 
4-phenyl-3-butenyl]-4-methyl-2'-(3,3-dimethylbutyl)valerohydrazide used as the 
starting material was prepared as follows: 



In a manner ananlogous to that described in Example 59, parts (ii) and (iii), 
starting from (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl- 
valerohydrazide and 3,3 -dimethyl butyraldehyde there was obtained (E)-2*-(D- 
alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]- 
10 4-methyl-2 , -(3,3-dimethylbutyl)valerohydrazide in the form of a gum. 



15 rE)-2 , -fD-Alanvn-2'-(2-ethvlbutvn-2fR)-fl(S)-(hvdro^carbamovn-4-phenvl-3- 
butenvll-4-methvlvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.224 g of (E)-2 , -(D-alanyl)-2'-(2-ethylbutyl)-2(R)-[l(S)-[(tetrahydro- 
20 2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazide there 
was obtained 0.188 g of (E)-2'-(D-alanyl)-2 , -(2-ethylbutyl)-2(R)>[l(S)-(hydroxy- 
carbamoyl)-4-phenyl-3-butenyl] -4-methylvalerohydrazide p-toluenesulphonate in 
the form of a pale pink solid. 
MS: 475 (M+H + . 

25 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 11.735 minutes. 
Solvent A: H 2 O/0/l% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

30 The(E)-2 , -(D.alanyl)-2 , -(2-ethylbutyl)-2(R)-[l(S)-[(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazide used as the 
starting material was prepared as follows: 



5 



MS: 559 (M+H) + . 



Example 66 



In a manner analogous to that described in Example 59, parts (ii) and (iii), 
35 starting from (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl] -4-methyl- 
valerohydrazide and 2-ethylbutyraldehyde there was obtained (E)-2'-(D-alanyl)-2'-(2- 
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ethylbutyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-4-methylvalerohydrazide in the form of a gum. 
MS: 559 (M+H) + . 

5 Example 67 

fEV2 , -(D-Alanvn-2'-f2.2-dich1oroethvn-2mVfl(S)-(hvdroxvcarbamovn-4-phenvl- 
3 -butenvl 1 -4- methvlvalerohvdrazide p- toluenesulphonate 

10 I n a manner analogous to that described in the first paragraph of Example 5, 

starting from 0.074 g of (E)-2 , -(D-alanyl)-2 , -(2,2-dichloroethyl)-2(R)-[l(S)-[(tetra- 
hydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-buteny]]-4-methylvalerohydrazide 
there was obtained 0.057 g of (E)-2'-(D-alanyl)-2 , -(2,2-dichloroethy])-2(R)-[ 1(S)- 
(hydrox7carbamoyl)-4-phenyl-3-butenyl]-4-methylvalerohydrazidep-toluenesul- 

15 phonate in the form of a pale pink solid. 
MS: 487(M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 1 1.127 minutes. 
Solvent A: H 2 O/0/l%TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
20 HYPERPEP 300A. 



The(E)-2 , -(D-alanyl).2 , -(2 > 2-dichloroethyl)-2(R)-[l(S)-[(tetrahydro«2(RS)- 
p>Tanyloxy)carbamoyl]-4-phenyl-3-butenyl)-4-methylvalerohydrazide used as the 
starting material was prepared as follows: 

25 

In a manner analogous to that described in Example 59, parts (ii) and (iii), 
starting from (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl- 
valerohydrazide and dichloroacetaldehyde there was obtained (E^'-tD-alanyl)^'- 
(2,2-dicUoroethyl)-2(R)-^ 

30 3-butenyl]-4-methvlvalerohydrazide as a gum. 
MS: 571 (M+H) + . 
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fEV2 , >fD-A]anvlV2fRVfUS)-fhvdroxvcarbamovl)-4-phenvl-3-butenvl1-2^ 
isopropvl-4-methvIvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.082 g of (E)-2'-(D-alanyl)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxyJcarbamoyn^-phenyl-S-butenylJ^'-isopropyl^-methylvalerohydrazide there was 
obtained 0.072 g of (E)-2 , -(D-alanyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-2'-isopropyl-4-methylvalerohydrazide p-toluenesulphonate in the form of a 
pale pink solid. 
MS: 433 (M+H) + . 

HLPC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.337 minutes. 
Solvent A: H 2 O/0.1% TFA; Solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The (E)-2 , -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]- 
4-phenyl-3-butenyl]-2 , -isopropyl-4-methylvalerohydrazide used as the starting 
material was prepared as follows: 

In a manner analogous to that described in Example 59, parts (ii) and (in), 
starting from (E)-2(R)-[ l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl- 
valerohydrazide and acetone there was obtained (E)-2 , -(D-alanyl)-2(R)>[ l(S)-[(tetra- 
hydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isopropyl-4-methyl- 
valerohydrazide in the form of a gum. 
MS:517(M+H) + . 



(E)-2 , -fD-Alanvn>2fRV fl(S)-(hvdroxvcarbamovn>4-phenv^3-butenvl^-4-methv^2 , - 
(2(S)-methvlbutvnvalerohvdrazide p-toluenesulphonate 



Example 69 



In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.132 g of (E)-2 , -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyl]-4-phenyl-3-butenyl]-4-methyl-2 , -(2(S)-methylbutyl)valerohydride 
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there was obtained 0.121 g of (E)-2'-(D-alanyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4- 
phenyl-3-butenyl]-4-methyU2'-(2(S)-methylbutyl)valerohydrazide p-toluenesul- 
phonate in the form of an off-white solid. 
MS: 461 (M+H) + . 

5 HLPC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 1 1.237 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type 
HYPERPEP 300A. 

10 The of (E)-2'-(D-alanyl)-2(R)- [ 1 (S)- [(tetrahydro-2(RS)-pyranyloxy)carbam- 

oyl]-4-phenyl-3-butenyl]-4-methyl-2'-(2(S)-methylbutyl)valerohydride used as the 
starting material was prepared as follows: 

(i) A mixture of 0.5 g of (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3- 
15 butenyl]-4~methylvalerohydrazide and 0.288 g of p-toluenesulphonyl chloride in 6 ml 
of dry pyridine was stirred at room temperature for 2 hours. The pyridine was evap- 
orated and the residue partitioned between ethyl acetate and water. The ethyl acetate 
layer was washed successively with water, 1M hydrochloric acid, saturated sodium 
chloride solution, dried over anhydrous magnesium sulphate and evaporated. The 
20 residue was crystallized from ether/hexane and there was obtained 0.373 g of (E)- 
2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl-2'-(p-toluenesul- 
phonyl)valerohydride in the form of a white solid. 
MS:515(M+H) + . 

25 (ii) A mixture of 0.323 g of (E)-2(R) - [ 1 (S)-(tert.-butoxycarbonyl)-4-phenyl-3- 
butenyl]-4-methyl-2'-(p-toluenesulphonyl)valerohydrazide, 0.111 g of S(+)-l- 
bromo-2-methylbutane and 0.053 g of anhydrous potassium carbonate in 5 ml of dry 
dimethylformamide was stirred at room temperature overnight. The solvent was 
evaporated and the residue was partitioned between ethyl acetate and water. The 

30 ethyl acetate layer was washed with saturated sodium chloride solution, dried over 
anhydrous magnesium sulphate and evaporated. The residue was purified by flash 
chromatography on silica gel using hexane/ ethyl acetate (5:1) for the elution. There 
was obtained 0.187 g of (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]- 
4-methyl-2'-(2(S)-methylbutyl)-2'- (p-toluenesulphonyl)valerohydrazide in the form 

35 of a gum. MS: 585 (M+ H) + . Continued elution of the column gave 0.21 g of the 
hydrazide used in the reaction. 
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(iii) A mixture of 0.325 g of of (E)-2(R)-[ l(S)-(tert.-butoxycarbonyl)-4-phenyl-3- 
butenyl]-4-methyl-2'-(2(S)-m 

and 0.135 g of magnesium powder was placed in a sonic bath for 1.5 hours. The 
5 methanol was evaporated and the residue was partitioned between diethyl ether and 
potassium hydrogen sulphate solution. The ethereal layer was washed in sequence 
with potassium hydrogen sulphate solution, 5% sodium hydrogen carbonate solution, 
water and saturated sodium chloride solution, dried over anhydrous magnesium 
sulphate and evaporated. The residue was purified by flash chromatography on silica 
10 gel using hexane/ethyl acetate (5:1) for the elution. There was obtained 0.146 g of (E)- 
2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl-2 , -(2(S)- 
methylbutyl)valerohydrazide in the form of a white solid. 
MS: 431 (M+H) + . 

15 (iv) In an analogous manner to that described in Example 18, parts (i)-(iv), 

starting from (E)-2(R)- [ 1 (S)-(tert.-butoxycarbonyl)-4-phenyl>3-butenyl] -4-methyl- 
2'-(2(S)-methylbutyl)valerohydrazide and N-(9-fluorenylmethyloxycarbonyl)-D- 
alanine fluoride there was obtained (E)-2'-(D-alanyl)-2(RH l(S)-[(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methyl-2 , -(2(S)-methylbutyl)valero- 

20 hydrazide in the form of a gum. 
MS: 544 (M+H) + . 

Example 70 

25 (E)-2 , ■(D■A lanvl)-2fR)-fl(SVrhvd^oxvcarbamovlV4-phenv^3-butenvll-4-methv^2 , - 
phenvlvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.189 g of (E)-2'-(D-alanyl)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyl- 
30 ox^carbamoylj^-phenyl^-butenylj^-methyl^'-phenylvalerohydrazide there was 
obtained 0.191 g of (E)-2'-(D-alanyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenylj^-methyl^'-phenylvalerohydrazide in the form of a pale pink solid. 
MS: 467 (M+H)\ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
35 solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.328 minutes. 
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Th 

Solvent A: H 2 O/0.1%TFA; solvent B: CH 3 CN /0.085% TFA. Column type: 
HYPERPEP 300A. 



The (E)-2 , -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)>pyranyloxy)carbamoyl]- 
5 4-phenyl-3-butenyl]-4-methyl-2'-phenylvalerohydrazide used as the starting material 
was prepared as follows: 

(i) A solution of 1.75 g of (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4- 
phenyl-3-butenyl]-4-methylvaleric acid in 15 ml of dimethylformamide was cooled to 

10 0°C and treated in succession with 0.5 ml of N-methylmorpholine, 0.8 g of 1- 

hydroxybenzotriazole, 0.6 g of phenylhydrazine and 1.1 g of l-ethyl-3-(3-dimethyl- 
aminopropyl)carbodiimide hydrochloride. The solution was left to warm to room 
temperature and was stirred overnight. The solvent was evaporated and the residue 
was partitioned between ethyl acetate and 5% aqueous sodium hydrogen carbonate 

15 solution. The ethyl acetate phase was washed in sequence with water, 5% citric acid 
solution, water and saturated sodium chloride solution, dried over anhydrous 
magnesium sulphate and evaporated. The residue was purified by flash chroma- 
tography on silica gel using hexane/ethyl acetate (6:1) for the elution. There was 
obtained a yellow oil which, after crystallization from hexane, gave 1.5 g of (E)-2(R)- 

20 [l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl-2'-phenylhydrazide in 
the form of a white solid. 
MS: 437 (M+H)\ 



(ii) A solution of 0.35 g of (E)-2(R)-[ l(S)-(tert.-butoxycarbonyl)-4-phenyl-3- 
25 butenyl]-4-methyl-2'-phenylhydrazide in 4 ml of dichloromethane was cooled to 0°C 
and 0.9 g of pyridine was added. A solution of 0.24 g of N-phthaloyl-D-alanine acid 
chloride in 4 ml of dichloromethane was added dropwise and the mixture was stirred 
at 0°C for 2.5 hours. The dichloromethane was evaporated and the residue was 
dissolved in ethyl acetate and washed in sequence with 5% citric acid solution, water, 
30 two portions of 5% sodium hydrogen carbonate solution and saturated sodium 
chloride solution, dried over anhydrous magnesium sulphate and evaporated. The 
residue was purified by flash chromatography on silica gel using hexane/ethyl acetate 
(3:1) for the elution to give 0.316 g of product containing 13% of the 2(S)-phthal- 
imidopropyl isomer resulting from partial racemization. Recrystallization of this 
35 product from a mixture of 4 ml of dichloromethane and 20 ml of hexane gave 0.215 g 
of of (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl-2'-phenyl- 
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2'-(2(R)-phthahmidopropyl)valerohydrazide containing 3% of the 2-(S)-phthal- 
imidopropyl isomer. 
MS: 638 (M+H)". 

(iii) In a manner analogous to that described in Example 18, parts (ii) and (iii), 
from 0.638 g of (E)-2(R)-[ l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4- 
methyl-2 , -phenyl-2 , -(2(R)-phthalimidopropyl)vaIerohydrazide there was obtained 
0.363 g of (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-4-methyl-2 , -phenyl-2 , -(2(R)-phthalimidopropyl)valerohydrazide in the 
form of a colourless glass. 

MS: 681 (M+H)*. 

(iv) A solution of 0.22 g of (E)-2(R)-[l(S)-f(tetrahydro-2(RS)-pyranyloxy)> 
carbarnoyl]-4-phenyl-3-butenyl]-4-methyl-2 , -phenyl-2 , -(2(R)-phthalimidopropyl)- 
valerohydrazide in 4 ml of methanol was treated with 0.04 g of hydrazine hydrate. 
The mixture was stirred for 5.5 hours and then the solvent was evaporated. The 
residue was suspended in 2 ml of dichloromethane and stirred at 4°C overnight. The 
suspended solid was filtered off, the filtrate was evaporated and the residue was 
purified by flash chromatography on silica gel using dichloromethane/methanol 
(20:1) for the elution. There was obtained 0.189 of (E)-2 , -(D-alanyl)-2(R)-[l(S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methyl-2'- 
phenylvalerohydrazide in the form of a colourless foam. 

MS: 551 (M+H) + . 

Example 71 

(E)-2 ^(L-AlanYl)-2fR)>[US)>(hvdroxvcarbamovn-4-phenvl^3-butenvl1-4-methvl^2^ 
phenylval erohydrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.103 g of (E)-2 , -(L-alanyl)-2(R)-[l(S).[(tetrahydro-2(RS)-pyranyl- 
oxyjcarbamoylj^-phenylo-butenylj^-methyl^'-phenylvalerohydrazide there was 
obtained 0.068 g of (E)-2 , -(L-alanyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-4-methyl-2'-phenylvalerohydrazide p-toluenesulphonate in the form of a 
pink solid. 
MS:467 (M+H) + . 
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HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.337 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B; CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The(E)-2 , -(L-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl)- 
4-phenyl-3-butenyl]-4-methyl-2'-phenylvalerohydrazide used as the starting material 
was prepared as follows: 

In a manner analogous to that described in Example 70, parts (ii)-(iv), starting 
from (E)-2(R)-[l(S)-(tert.-butox)'carbonyl)-4-pheny^3-butenyl]-4-methy^2 , - 
phenylhydrazide and N-phthaloyl-L-alanine acid chloride there was obtained (E)-2'- 
(L-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-4-methyl-2'-phenylvalerohydrazide in the form of a colourless foam. 
MS: 551 (M+H) + . 

Example 72 

fEV2 , -fDX-Alanvn-2fR)^HS)-rhvdroxvcarbamovn>4-phenvK3-butenvl1-4-methvl- 
2'-( l-naphthyl)valerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.131 g of (E)-2 , -(D,L-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyl- 
ox^carbamoyll^-phenyl-S-butenylJ^-methyl^'-Cl-naphthy^valerohydrazide there 
was obtained 0.165 g of (E)-2 , -(D,L-alanyl)-2(R)-[l(S)>(hydroxycarbamoyl)-4- 
phenyl-3-butenyl]-4-methyl-2'-(l-naphthyl)valerohydrazide p-toluenesulphonate in 
the form of a pale pink solid. 
MS:517(M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 11.122 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



The(E)-2 , -(D > L-alanyl)-2(R)-[l(S)-[(tetrahydro-(2(RS)-pyranyloxy)carbam- 
oyl]-4-phenyl-3-butenyl]-4-methyl-2 , -(l-naphthyl)valerohydrazide used as the 
starting material was prepared as follows: 
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(i) In a manner analogous to that described in Example 70, part (i), from (E)- 
2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methylvaleric acid and 1- 
naphthylhydrazine there was obtained (E)-2(R)- [ 1 (S)-(tert.-butoxycarbonyl)-4- 
phenyl-3-butenyl]-4-methyl-2'-(l-naphthyl)valerohydrazide in the form of a white 
solid. 

MS: 487 (M+H) + . 

(ii) In a manner analogous to that described in Example 70, parts (ii)-(iv) except 
that the reaction in part (ii) was allowed to proceed to three days at 4°C, from (E)- 
2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl-2 , -(l-naphthyl)- 
valerohydrazide and N-phthaloyl-D-alanine acid chloride there was obtained (E)-2'- 
(D,L-alanyl)-2(R)-[l(S)-[(tetrahydro-(2(RS)«pyranyloxy)carbamoyl]-4-phenyl-3- 
buteny)]-4-methyl-2'-(l-naphthyl)valerohydrazide in the form of a pale cream foam. 
Racemization of the alanyl group occurred during part (ii). 

Example 73 

Mixture of (E)-2 , -fD-alanyn>2 , -ftetrahydro-4-thiopyranyn-2(R)>H (S)-(hvdroxv- 
carbamoyl V4-phenvl-3-bute nyn-4-methylvalerohvdrazide p-toluenesulphonate and 
(E)-2 , -(D-alanyn-2 , -(tetrahvdro-4-thiopyrany])-2(S)-H(R)-(hydrox\^carbamovl)-4- 
phenvl-3-butenvll-4-methvIvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.1 g of a 1:1 mixture of (E)-2 , -(D-alanyl)-2 , -(tetrahydro-4-thio- 
pyranyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-4-methylvalerohydrazide and (E)-2 , -(D-alanyl)-2 , -(tetrahydro-4-thio- 
pyranyl)-2(S)-[l(R)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-4-methylvalerohydrazide there was obtained 0.09 g of a 1:1 mixture of (E)- 
2 , -(D-alanyl)-2 , ^(tetrahydro-4-thiopyranyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4- 
phenyl-3-butenyl]-4-methylvalerohydrazide p-toluenesulphonate and (E)-2 , -(D- 
alanyl)-2 , -(tetrahydro-4-Aiopyranyl)-2(S)-[l(R)-(hydroxycarbamoyl)-4-phenyi 
butenyl]-4-methylvalerohydrazide p-toluenesulphonate in the form of a pink solid. 
MS: 491 (M+H)\ 

HPLC: Gradient elution using solvent A containing 25% solvent B increasing to 55% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 8.535 minutes, 
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isomer 1 and 9.252 minutes, isomer 2. Solvent A: H 2 O/0.1% TFA; solvent B: 
CH 3 CN/0.085% TFA. Column type: HYPERPEP 300A. 

The mixture of (E)-2 , -(D-alanyl)-2 , -(tetrahydro-4-thiopyranyl)^2(R)-[l(S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4- 
methylvalerohydrazide and (E)-2 , -(D-alanyl)-2 , -(tetrahydro-4-thiopyranyl)-2(S)- 
[l(R)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4- 
methylvalerohydrazide used as the stating material was prepared as follows: 

(i) In a manner analogous to that described in Example 1, parts (i)-(ii), and 
Example 59, part (i), starting from 4-tert-butyI hydrogen 2(RS)-isobutylsuccinate and 
cinnamyl bromide there was obtained a 1 : 1 mixture of (E)-2(R)- [ 1 (S)-(tert.-butoxy- 
carbonyl)-4-phenyl-3-butenyl]-4-methylvalerohydrazide and (E)-2(S)-[l(R)-(tert.- 
butox)'carbonyl)-4-phenyl-3^butenyl]-4-methylvalerohydrazide in the form of a white 
solid. 

MS: 361 (M+H) + . 

(ii) In a manner analogous to that described in Example 59, parts (ii)-(iii), starting 
from a 1:1 mixture of (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4- 
methylvalerohydrazide and (E)-2(S)-[l(R)-(tert.-butox>'carbonyl)-4-phenyl-3- 
butenyl]-4-methylvalerohydrazide and tetrahydrothiopyran-4-one there was obtained 
a 1:1 mixture of (E)-2'-(D-alanyl)-2 , -(tetrahydro-4-thiopyranyl)-2(R)-[l(S)-[(tetra- 
hydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazide 
and (E)-2 , -(D-alanyl)-2 , -(tetrahydro-4-thiopyranyl)-2(S)-[l(R)-[(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazide in the form of 
a white MS: 575 (M+H)\ 

Example 74 

(E)-2 , -(D-Alanvn-3-cv cloburvl-2rR)>rifS)-(hvdroxvcarbamovn-4-phenvl-3- 
butenv]l-2'-isobut vlpropionohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.076 g of (E)-2 , -(D-alanyl)-3-cyclobutyl-2(R)-[l(S)-[(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutylpropionohydrazide 
there was obtained 0.071 g of (E)-2 , -(D-alanyl)-3-cyclobutyl-2(R)-[l(S)-(hydroxy- 
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carbamoyl) -4-phenyl-3-butenyl]-2'-isobutylpropionohydrazide p-toluenesulphonate 
in the form of a pale pink solid. 
MS: 459 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.987 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The (E)-2 , -(D-alanyl)-3-cyclobutyl-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobuty]propionohydrazide used as the 
starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 1, parts (i)-(iii), starting 
from 4-tert.-butyl hydrogen 2(R)-(cyclobutylmethyl)succinate and cinnamyl bromide 
there was obtained (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-3- 
cyclobutyl-2'-isobutylpropionohydrazide in the form of a white solid. 

MS: 428 (M+H) + . 

(ii) In a manner analogous to that described in Example 18, parts (i)-(iv), starting 
from (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-3-cyclobutyl-2 I - 
isobutylpropionohydrazide and N-(9-fluorenylmethylox7carbonyI)-D-alanine acid 
fluoride there was obtained (E)-2'-(D-alanyl)-3-cyclobutyl-2(R)-[l(S)-[(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutylpropionohydrazidein 
the form of a colourless gum. 

MS: 543 (M+H) + . 

Example 75 

(E)-2 , -(D-Alanvn-3-cvclopentvl>2( R)-[l(S)-rhvdroxvcarbamovl)-4-phenvl-3- 
butenvl1-2'-isobun y lpropionohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.205 g of (E)-2 , -(D-alanyl)-3-cydopentyl-2(R)-[l(S)-[(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2 , >isobutylpropionohydrazide 
there was obtained 0.222 g of (E)-2 , -(D-alanyl)-3-cyclopentyl-2(R)-[l(S)-(hydroxy- 
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carbamoyl)-4-phenyl-3-butenyl]-2'-isobutylpropionohydrazide in the form of a pale 

pink solid. 

MS: 473 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
5 solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 11.417 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The (E)-2 , -(D-alanyl)-3-cyclopentyl-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyl- 
10 oxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutylpropionohydrazide used as the 
starting material was prepared as follows: 

(i) I n a manner analogous to that described in Example 1, parts (i)-(iii), starting 
from 4-tert.-butyl hydrogen 2(R)-(cyclopentyImethyl)succinate and cinnamyl 

15 bromide there was obtained (E)-2(R)-[l(S)-(tert-butoxycarbonyl)-4-phenyl-3- 
butenyl]-3-cyclopentyl-2'-isobutylpropionohydrazide in the form of a white solid. 
MS:443 (M+H) + . 

(ii) In a manner analogous to that described in Example 18, parts (i)-(iv), starting 
20 from (E)-2(R)-[l(S)-(tert.>butoxycarbonyl)-4-phenyl-3-butenyl]-3-cyclopentyl-2'- 

isobutylpropionohydrazide and N-(9-fluorenylmethyloxycarbonyl)-D-alanine acid 
fluoride there was obtained (E)-2*-(D-alanyl)-3-cyclopentyl-2(R)-[ l(S)-[(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]- 2'-isobutyIpropionohydrazide in 
the form of a colourless gum. 
25 MS: 557 (M+H) + . 

Example 76 

(E)-2 , -(D-Alanvn-2(R)^l( f S^ (hvdroxvcarbamovn-4-^3-Dvridvn>3-butenvn-2 , - 
30 isobuH-4-methvlvalerohvdrazide p-toluenesulphonate 

A solution of 0.035 g of (E)-2'-(D-alanyl)-2(R)-[l(S)-(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]-4-(3-pyridyl)-3-butenyl]-2 , -isobutyl-4-methylvalero- 
hydrazide in 3 ml of methanol was treated with 0.014 g of p-toluenesulphonic acid 
35 monohydrate. The mixture was stirred for 2 hours at room temperature and 

evaporated. The residue was triturated with diethyl ether, filtered off and dried to give 
0.030 g of (E)-2 , -(D-alanyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-(3-pyridyl)-3- 
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butenyl]-2Msobutyl-4-methylvalerohydrazide p-toluenesulphonate in the form of a 

white solid. 

MS: 448 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
5 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 8.46 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



The (E)-2-(D-aIanyl)-2(R)-[l(S)-(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4- 
10 (3-pyridyl)-3-butenyl]-2 -isobutyl-4-methylvalerohydrazide used as the starting 
material was prepared as follows: 



(i) In an analogous manner to that described in Example 1, part but using 
2(R)-[l(RS)-(tert-butoxycarbonyl)-3-butenyl]-4-methylvaleric acid in place of (E)- 
15 2(R)-[l(S)-(tert-butoxycarbonyl)-4-phenyl-3-butenyl]-4>methylvaleric acid there was 
obtained 2(R)-[ l(RS)-(tert-butoxycarbonyl)~3-butenyl]-2'-isobutyl-4-methylvalero- 
hydrazide as a yellow oil. 
MS: 341 (M+H) + 



20 (ii) A solution of 0.500 g of 2(R)>[l(RS)-(tert-butoxycarbonyl)-3-butenyl]-2'- 
isobutyl-4-methylvalerohydrazide in 10 ml of dimethylformamide was treated with 
0.465 g of 3-bromopyridine, 0.297 g of triethylamine, 0.017 g of palladium(II) acetate 
and 0.045 g of tri-(o-tolyl)phosphine. The mixture was heated at 100 °C for 24 hours. 
After cooling to room temperature the mixture was diluted with water and extracted 

25 three times with ethyl acetate. The combined ethyl acetate extracts were washed with 
water and brine and then dried over anhydrous magnesium sulphate. Evaporation of 
the solvents and flash column chromatography of the residue on silica gel using ethyl 
acetate/hexane gave 0.090 g of (E)-2(R)-[ l(S)-(tert-butoxycarbonyl)-4-(3-pyridyl)-3- 
butenylj^'-isobutyl^-methylvalerohydrazide in the form of a yellow oil. 

30 MS:418(M+H)+ 



(iii) In a manner analogous to that described in Example 33, parts (ii)-(iii), starting 
from (E)-2(R)-[l(S)-(tert-butoxycarbonyl)-4-(3-pyridyl)-3-butenyl]-2'-isobutyl-4- 
methylvalerohydrazide and N-(9-fluorenylmethoxycarbonyl)-D-alanyl acid fluoride 
35 there was obtained (E)- 2(R)-[l(S)-(carboxy)-4-(3-pyridyl)-3-butenyl]-2 , MSobutyI-2 , - 
[N-(9-fluorenylmethoxycarbonyl)-D-alanyl]-4-methylvalerohydrazide trifluoro- 
acetate in the form of a white solid. 
MS:655 (M+H)+. 
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(iv) In a manner analogous to that described in Example 23, parts (ii)-(iii), starting 
from(E)-2(R)-[l(S)-(carboxy)-4-(3-p^ 

fluorenylmethox)'carbonyl)-D-alanyl]-4-methylvalerohydrazide trifluoroacetate there 
5 was obtained (E)-2'-(D-alanyl)-2(R)-[ l(S)-(tetrahydro-2(RS)-pyranyloxy)carbam- 
oyl]-4-(3-pyridyl)-3-butenyl)-2'-isobutyl-4-methylvalerohydrazide in the form of a 
white solid. 
MS: 532 (M+H)+ 



10 Example 77 

fEV2(R)-fir$)-(HvdroxvcarbamovlV4~phenvl-3-butenvll-2 , -isobut^l-4-methvl-2'- 
f2-(lH-tetrazol-5-vl)acen-llvalerohvdrazide hydrochloride 



In a manner analogous to that described in Example 8 but using 2-(lH- 
tetrazol-5-yl)acetic acid in place of N-tert.butyloxycarbonyl-P-alanine there was 
obtained (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4- 
methyl-2 , -[2-(lH-tetrazol-5-yl)acetyl]valerohydrazide hydrochloride in the form of a 
white solid. 
MS: 486 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 9.79 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

Example 78 

(EV2(RHl(S)-(HvdroxvcarbamovlV4-phen^ 

f2-(4-methvl-l-piperazinvnacetvl1valerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in Example 1 1, but using 2-(4- 
methyl-piperazinyl)acetic acid in the place of N-acetyl-glycine, there was obtained 
(E)-2(R)-[l(S)-(hydro^carbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2 , -[2- 
(4-methyl-l-piperazinyl)acetyl]vaIerohydrazide p-toluenesulphonate in the form of a 
35 white solid. 

MS:516(M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.47 minutes. 



20 



o 



o 



WO 00/00465 



PCT/EP99/04223 



Solvent A: H 20/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 79 



5 



2'-Benzvl-2(RH4-cvclohex^l-USM 
triazol-l-vDacetvllvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
10 starting from 0.612 g of 2'-benzyl-2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]butyl]>4-methyl-2 , "[2-(l,2,4-triazol-l-yl)acetyl]valero- 
hydrazide there was obtained 0.61 g of 2 , -benzyl-2(R)-[4-cyclohexyl-l(S)-(hydroxy- 
carbarnoyl)butyl]-methyl-2 , -[2-(l,2,4-triazol-l-yl)acetyl]valerohydrazide p-toluene- 
sulphonate in the form of a white solid. 
15 MS:527 (M+H)\ 

HPLC: Gradient elution using solvent A containing 10% solvent B for 5 minutes 
increasing to 90% solvent B from 5 minutes to 15 minutes flow rate 1 ml/minute. 
Retention time: 11.82 minutes. Solvent A: H 2 O/0.1% TFA, solvent B: 90% 
CH 3 CN/10% H 2 O/0.085% TFA. Column type: WMC, C18, 50 x 4.6 mm. 



The 2*-benzyl-2(R).[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranyloxy)carba- 
moyl]butyl]-4-methyl-2 , -[2-(l > 2,4-triazol-l-yl)acetyl]valerohydrazide used as the 
starting material was prepared as follows: 

25 (i) In a manner analogous to that described in Example 35, from (E)-2(R)-[ 1(S)- 
(tert.butoxycarbonyl)-4-phenyl-3-butenyl]-4-methylvaleric acid there was obtained 
2(R)-[l(S)-(tert.butoxycarbonyl)-4-cyclohexylbutyl]-4-methylvaleric acid in the form 
of yellow gum. 

30 (ii) In a manner to that described in Example 1, parts (iii) - (vii) and Example 8, 
from 2(R)-[l(S)-(tert.butoxycarbonyl)-4-cyclohexylbutyl]-4-methylvaleric acid and 
benzylhydrazine and using 1,2,4-triazole-l-acetic acid in place of N-tert.butoxy- 
carbonyl- ^-alanine in Example 8, there was obtained 2 , -benzyl-2(R)-[4-cyclohexyl- 

l(S)-[(tetrahydro-2-(RS)-pyranyloxy)carbamoyl]butyl]-4-methyl-2 , -(2-(l,2,4-triazol- 
35 l-yl)acetyl]vaIerohydrazide in the form of a white solid. 
MS: 611 (M+H) + . 
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Example 80 



2 , -Benzyl~2(RM4-cvclohe:x^^ 
5 acetvll -4-methvlvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.579 g of 2'-benzyl-2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]butyl]-2 , -[2-(l-imidazolyl)acetyl]-4-methylvalerohydrazide 
10 there was obtained 0.554 g of 2'-benzyl-2(R)-[4-cyclohexyl-l (S)- (hydroxy- 
carbamoyl)butyl]-2 , -[2-(l-imidazolyl)acetyl]-4-methylvalerohydrazide p- 
toluenesulphonate in the form of a white solid. 
MS: 526 (M+H)\ 

HPLC: Gradient elution using Solvent A containing 10% solvent B for 5 minutes 
15 increasing to 90% solvent B from 5 minutes to 15 minutes; flow rate 1 ml/minute. 
Retention time: 11.17 minutes. Solvent A: H 2 O/0.1% TFA; solvent B: 90% 
CH 3 CN/10% H 2 O/0.085% TFA. Column type: WMC, C18, 50 x 4.6 mm. 

The 2'-benzyl-2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2-(RS)-pyranyloxy)- 
20 carbamoyllbutylJ^'-d-imidazolyOacetyll^-methyl-valerohydrazide used as the 
starting material was prepared as follows: 

In a manner analogous to that described to that described in Example 1, parts 
(iii)-(vii) and Example 8, from 2(R)-[ l(S)-(tert-butoxycarbonyl)-4-cyclohexyl- 
25 butyl] -4-methylvaleric acid and benzylhydrazine and using imidazole- 1 -acetic acid in 
place of N-(tert-butoxycarbonyl)-(3-alanine in Example 8 there was obtained 2*- 
benzyl-2(R)-[4-cyclohex>i-l(S)-[(tetrahydro-2(RS)-pyranyloxy)ca^bamoyl]butyl]-2 , - 
[2-(l-imidazolyl)acetyl]-4-methylvalerohydrazide in the form of a white solid. 
MS:610(M+H) + . 
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15 



20 



25 



2 , -BenzvI-2(RM4-cvclohexvl-l(SHhvdro\^ 
triazol-l-vDacen'llvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.61 g of 2 , -benzyl-2(R)-[4-cyclohexyl-l(S)-((tetrahydro-2(RS)- 
pyranyloxy)carbamoyl)butyl]-2 , -[2-(l > 2 > 3-triazol-l-yl)acetyl]valerohydrazide there 
was obtained 0.545 g of 2'-benzyl-2(R)-[4-cyclohexyl-l(S)-(hydrox>'carbamoyl)- 
butyl]-4-methyl-2 , -[2-(l,2 ) 3-triazol-l-yl)acetyl]valerohydrazide p-toluenesulphonate 
in the form of a white solid. 
MS: 527 (M+H) + . 

HPLC: Gradient elution using solvent A containing 10% solvent B for 5 minutes 
increasing to 90% solvent B from 5 minutes to 15 minutes; flow rate 1 ml/minute. 
Retention time: 12.12 minutes. Solvent A: H 2 O/0.1% TFA; solvent B: 90% 
CH 3 CN/10% H 2 O/0.085% TFA. Column type: WMC, C18, 50 x 4.6 mm. 

The 2 , -benzyl-2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranyloxy)carba- 
moyl]butyl]-2'-[2-(l,2,3-triazol-l-yl)acetyl]valerohydrazide used as the starting 
material was prepared as follows: 

In a manner analogous to that described in Example 1, parts (iii)-(vii) and 
Example 8, from 2(R)-[l(S)-(tert-butoxycarbonyl)-4-cyclohexylbutyl]-4-methyl- 
valeric acid and benzylhydrazine and using 1,2,3-triazole-l -acetic acid in place of N- 
tert.butoxycarbonyl-p-alanine in Example 8, there was obtained 2 t -benzyl-2(R)-[4- 

cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranylox7)carbonyl]butyl]-2'-[2-(l,23-triazol- 
l-yl)acetyl]valerohydrazide in the form of a white solid. 
MS: 611 (M+H)\ 



fEV2 , -fD-Alanvn-2fRVfUS)>fhvdroxycarbamovn-4-phenvl-3-butenvll-2 , ^2> 
hvdroxvethvI)-4-methvlvalerohvdrazide p-toluenesulphonate 



Example 82 



35 In a manner analogous to that described in the first paragraph of Example 5, 

starting from 0.034 g of (E)-2 , -(D-alanyl)-2(R)-[ l(S)-t(tetrahydro-2(RS)-pyranyl- 
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oxy)carbamoyl]-4-phenyl-3-butenyl]-2 , -[2«(tetrahydro-2(RS)-pyranyloxy)ethyl]-4- 
methylvalerohydrazide there was obtained 0.009 g of (E)-2'-(D-alanyl)-2(R)-[l(S)- 
(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-(2-hydroxyethyl)-4-methylvalero- 
hydrazide p-toluenesulphonate in the form of an off-white solid. 
5 MS:435 (M+H) + 

HPLC: Gradient elution using solvent A containing 10% solvent B for 5 minutes 
increasing to 90% solvent B from 5 minutes to 15 minutes; flow rate 1 ml/minute. 
Retention time: 8.80 minutes, solvent A: H 2 O/0.1% TFA; solvent B: 90% CH 3 CN/10% 
H 2 O/0.085% TFA. Column type: WMC, C18, 50 x 4.6 mm. 

10 

The (E)-2 , -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carba- 
moyl]-4-phenyl*3-butenyl]-2'-[2-(tetrahydro-2(RS)-pyranyloxy)ethyl]-4-methyl- 
valerohydrazide used as the starting material was prepared as follows: 

15 (i) In a manner analogous to that described in Example 1, part (iii), from (E)- 
2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methylvaleric acid and 2- 
hydroxyethylhydrazine there was obtained (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4- 
phenyl-3-butenyl]-2 , -(2-hydroxyethyl)-4-methylvalerohydrazide in the form of a 
yellow gum. 

20 MS: 405 (M+H) + 

(ii) A solution of 1.4 g of (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3- 
butenyl]-2'-(2-hydroxyethyl)-4-methylhydrazide, 1.08 ml of tert.-butylchlorodi- 
phenylsilane and 0.596 g of imidazole in 30 ml of dry dimethylformamide was stirred 

25 under nitrogen at room temperature for 3.5 hours. The solvent was evaporated and 
the residue was partitioned between ethyl acetate and 0.5 M aqueous hydrochloric 
acid. The ethyl acetate layer was washed in succession with 0.5 M aqueous hydro- 
chloric acid, water and saturated sodium chloride solution and dried over anhydrous 
magnesium sulphate. After evaporation of the ethyl acetate there were obtained 2.35 g 

30 of (E)-2'-(2-tert-butyldiphenylsilyto^ 

phenyl-3-butenyl]-4-methylvalerohydrazide in the form of a pale yellow gum. 
MS: 643 (M+H) + . 



(iii) In a manner analogous to that described in Example 18, parts (i)-(iii), starting 
35 from (E)-2'-(2-tert.-butyldiphenylsilyloxy)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4- 

phenyl-3-butenyl] -4- methylvalerohydrazide and N-(9-fluorenylmethoxycarbonyl)-D- 
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So 



alanine acid fluoride there was obtained (E)-2(R)- [ 1 (S)- [ (tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]-4-phenyl-3-b^ 

D-alanyl]-2'-(2-hydroxyethyl)-4-methylvalerohydrazide in the form of a white foam 
after purification by flash chromatography on silica gel using ethyl acetate/hexane 
5 (1:1) for the elution. 

(iv) A solution of 0.131 g of (E)-2(R)-[l(S)-[(tetrahydro-2(RS) pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2 , -[N-(9-fluorenylmethoxycarbonyl)-D-alanyl]-2'- 
(2-hydroxyethyl)-4-methylvalerohydrazide, 0.05 g of 2,3-dihydro-4H-pyran and a 

10 crystal of p-toluenesulphonic acid in 3 ml of tetrahydrofuran were stirred at room 

temperature for 2 days under a nitrogen atmosphere. The solvent was evaporated and 
the residue was dissolved in ethyl acetate and washed in succession with two portions 
of aqueous 5% sodium hydrogen carbonate solution, water and aqueous saturated 
sodium chloride solution. After drying over anhydrous magnesium sulphate the ethyl 

15 acetate was evaporated and the residue was purified by flash chromatography on silica 
gel using ethyl acetate/hexane (2:1) for the elution. There was obtained 0.104 g of (E)- 
2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2 , -[N- 
(9-fluorenylmethoxycarbonyl)-D-alanyl]-2 , -[2-(tetrahydro-2(RS)-pyranyloxy)ethyl]- 
4-methylvalerohydrazide in the form of a gum. 

20 MS: 847 (M+Na)\ 

(v) In a manner analogous to that described in Example 18, part (iv), from 0.1 g of 
( E)-2(R) - [ 1 (S)- [ (tetrahydro-2(RS)-pyranyloxy)carbamoyl] -4-phenyl-3-butenyl] - 2'- 
[N-(9-fluorenylmethoxycarbonyl)-D-alanyl]-2 , -[2-(tetrahydro-2(RS)-pyranyl- 

25 oxy)ethyl] -4-methylvalerohydrazide there was obtained 0.034 g of (E)-2'-(D-alanyl)- 
2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl] - 2*-[2- 
(tetrahydro-2(RS)-pyranyloxy)ethyl] -4-methylvalerohydrazide in the form of a gum. 
MS: 603 (M+H) + . 

30 Example 83 

2 , -(D-Alanv])-2(R)-f URSV(hvdrox^^carbamovl)-4-phenvlbutvll-2 , -isobutvl-3■ 
methvlbutvrohydrazide p-toluenesulphonate 



35 In a manner analogous to that described in the first paragraph of Example 5, 

starting from 0.689 g of 2 , -(D-alanyl).2(R)-(l(RS)-[(tetrahydro-2(RS)-pyranyl- 
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ox7)carbarnoyl]-4-pheny]butyl]-2'-isobutyl-3-methylbutyrohydrazide there was 
obtained 0.768 mg of 2'-(D-alanyl)-2(R)-[ l(RS)-(hydroxycarbamoyl)-4-phenyl- 
butyl]-2'-isobutyl-3-methylbutyrohydrazide p-toluenesulphonate in the form of a 
white solid. 

MS: 435 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 10.495 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The2 , -(D-alanyl)-2(R)-[(RS)-[(tetrahydro-2(RS)-pyranyloxycarbamoyl]-4- 
phenylbutyl]-2Msobutyl-3-methylbutyrohydrazide used as the starting material was 
prepared as follows: 

(i) A solution of (E)-2(R)-[l-(RS)-(tert-butoxycarbonyl)-4-phenyl-3-butenyl]-3- 
methylbutyric acid in ethanol was shaken in a hydrogen atmosphere in the presence of 
10% palladium on charcoal catalyst until the uptake of hydrogen had stopped. The 
catalyst was filtered off and the solvent was evaporated to give 2(R)-[ l(RS)-(tert.- 
butox>'carbonyl)-4-phenylbutyl]-3-methylbutyric acid in the form of a pale yellow oil. 
MS: 335 (M+H) + . 

(ii) In a manner analogous to that described in Example 18> parts (i)-(iv), starting 
from 2(R)-[l(RS)-tert.-butoxycarbonyl)-4-phenylbutyl]-3-methylbutyric acid and N- 
(9-fluorenylmethoxycarbonyl)-D-alanine acid fluoride that was obtained 2'-(D- 
alanyl)-2(R)-[l(RS)-[tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenylbutyl^2 , - 
isobutyl-3-methylbutyrohydrazide in the form of a gum. 

MS:519(M+H) + . 

Example 84 

fEl^'^D-Alanvn^fR VfKS^^hvdroxYcarbamovn^-phenvl^-butenvn^'-isobutvl- 
3-methvIbutvrohvdrazide p-toluenesulphonate 



In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.088 g of (E)-2 , -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-3-methylbutyrohydrazide there was 
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obtained 0.090 g of (E)-2 , -(D-alanyl)-2(R)-[ l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-2 , -isobutyl-3-methylbutyrohydrazide p-toluenesulphonate in the form of a 
white solid. 
MS:433 (M+H)\ 

5 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes, flow rate 1 ml/minute. Retention time: 10.467. Solvent A: 
H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: HYPERPEP 300A. 

The (E)-2 , -(D-alanyl)-2(R)-[l(S)-[tetrahydro-2(RS)-pyranyloxy)carbamoyl]- 
10 4-phenyl-3-butenyl] -2'-isobutyl-3-methylbutyrohydrazide used as the starting 
material was prepared as follows: 

(i) In a manner analogous to that described in Example 1, parts (i)-(iii), starting 
from 4-tert-butyl hydrogen 2(R)-isopropylsuccinate and cinnamyl bromide there was 

15 obtained (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-2 f -isobutyl-3- 
methylbutyrohydrazide in the form of a creamy white solid. 
MS: 403 (M+H)*. 

(ii) In a manner analogous to that described in Example 18, parts (i)-(iv), starting 
20 from (E)-2(R)- [ l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-2 , -isobutyl-3- 

methylbutyrohydrazide and N-(9-fluorenylmethoxycarbonyl)-D-alanine acid fluoride 
there was obtained (E)-2'-(D-alanyl)-2(R)-[ l(S)-[(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-3-methylbutyrohydrazide in 
the form of a gum. 
25 MS:517(M+H)\ 

Example 85 

(EV2^(D-AlanvlV2Wtetrahvdro-2H-pv^^ 
30 phenvl-3-butenvl1-4-methvIvalerohydrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.093 g of (E)-2 , -(D-alanyl)-2'-(tetrahydro-2H-pyran-4-yl)-2(R)- [1 (S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methyl- 
35 valerohydrazide there was obtained 0.1 1 g of (E)-2 , -(D-alanyl)-2 , -tetrahydro-2H- 
pyran-4-yl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-4-methyl- 
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valerohydrazide in form of an off-white solid. 
MS: 475 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B for 5 minutes 
increasing to 70% solvent B over 15 minutes; flow rate 1 ml/minute. 
5 Retention time: 13.907 minutes. Solvent A: H 2 O/0.1% TFA; solvent B: 
CH 3 CN/0.085% TFA, column type: HYPERPEP 300A. 

The(E)-2 , -(D-alanyl)-2 , -(tetrahydro-2H-pyran-4-yl)-2(R)-[l(S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methyl- 
10 valerohydrazide used as the starting material was prepared as follows: 

In a manner analogous to that described in Example 59, parts (ii) and (iii), 

starting from (E)-2(R)- [ 1 (S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4- 

methylvalerohydrazide and tetrahydro-4H-pyran-4-one there was obtained (E)-2'- 

15 (D-alanyl)-2'-(tetrahydro-2H-pyran-4-yl)-2(R)-[l(S)-[(tetrahydro-2(RS)- 

pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazide in the form of 
a pale yellow gum. 

MS: 559 (M+H) + . 

20 Example 86 

fE)-2'-fD-Alanvn-2'-f2.2.2-trifliin roethvn-2fRVrifSVfhvdroxvcarbamovn-4- 
phenyl-3-butenvll-4-methvlvalerohvdrazide p-toluenesulphonate 

25 In a manner analogous to that described in the first paragraph of Example 5, 

starting from 0.1 10 mg of (E)-2'-(D-alanyl)-2 , -(2,2 ) 2-trifluoroethyl)-2(R)-[l(S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalero- 
hydrazide there was obtained 0.1 15 mg of (E)-2'-(2,2 > 2-trifluoroethyl)-2(R)-[l(S)- 
(hydroxycarbamoyl)-4-phenyl-3-butenyl]-4-methylvalerohydrazide p-toluene in the 

30 form of a buff-coloured solid. 
MS: 473(M+H + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes, flow rate 1 ml/minute. Retention time: 10.785 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
35 HYPERPEP 300A. 
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The(E)-2 , -(D-alanyl)-2'-(2 > 2,2-trifluoroethyl)-2(R)-[l(S)-[(tetrahydro- 
2(RS)-pyranylo>ry)carbamoyl]-4-phenylO-butenyl]-4-methylvalerohydrazide used as 
the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 70, part (i), starting from 
(E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methylvaleric acid and 
2,2,2-trifluoroethylhydrazine there was obtained (E)-2(R)-[l(S)-(tert-butoxycar- 
bonyl)-4-phenyl-3-butenyl]-2'-(2 > 2,2-trifluoroethyl)-4-methylvalerohydrazide in the 
form of a pale yellow solid. 

MS: 443 (M+H) + . 

(ii) In a manner analogous to that described in Example 18, parts (i)-(iv), starting 
from (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl)-2 , -(2 ) 2,2-trifluoro- 
ethyl)-4-methylvalerohydrazide and N-(9-fluorenylmethoxycarbonyl)-D-alanine acid 
fluoride there was obtained (E)-2'-(D-alanyl)-2 , -(2,2,2-trifluoroethyl)-2(R)-[l(S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalero- 
hydrazide in the form of a gum. 

MS: 557 (M+H) + . 

Example 87 

(E)-2 , -(D-Alanvn-2 , -(2-cvanoethvn -2(R)-fl(SV(hvdroxvcarbamovn-4>phenvl-3- 
butenvll-4-methvlvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.038 mg of (E)-2'-(D-alanyl)-2'-(2-cyanoethyl)-2(R)-[ l(S)-[(tetra- 
hydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazide 
there was obtained 0.034 g of (E)-2 , -(D-alanyI)-2 , -(2-cyanoethyl)-2(R)-[ 1(S)- 
(hydroxycarbamoyl)-4-phenyl-3-butenyl]-4-methylvalerohydrazide p-toluene- 
sulphonate in the form of an off-white solid. 
MS: 444 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 9.957 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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The(E)-2 , -(D-alanyl)-2 , -(2-cyanoethyl)-2(R)-[l(S)-[(tetrahydro-2(RS)- 
p)Tanyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-rnethylvaIerohydrazide used as the 
starting material was prepared as follows: 

5 (i) In a manner analogous to that described in Example 70, part (i), starting from 
(E)-2(R)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methylvaleric 
acid and 2-cyanoethylhydrazine there was obtained (E)-2(R)-[l(S)-(tert.- 
butox>*carbonyl)-4-phenyl-3-butenyl]-2 , -(2-cyanoethyl)-4-methylvalerohydrazide in 
the form of a white solid. 

10 MS:414(M+H) + . 

(ii) In a manner analogous to that described in Example 18> parts (i)-(iv), starting 
from (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-2'-(2-cyanoethyl)- 
4-methylvalerohydrazide and N-(9-fluorenylmethoxycarbonyl)-D-alanine acid 
15 fluoride there was obtained (E)-2 , -(D-alanyl)-2 , -(2-cyanoethyl)-2(R)-[l(S)-[(tetra- 
hydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4>methylvalerohydrazide 
in the form of a gum. 
MS: 528 (M+H) + . 

20 Example 88 

fE)-2 , >(D~Alanvn-2 , -cvclohexvl-2(R)^l(S)-(hvdroxvcarbamovlV4-phenvI-3- 
butenvll-4-methvlvalerohvdrazide p-toluenesulphonate 

25 In a manner analogous to that described in the first paragraph of Example 5, 

starting from 0.17 g of (E)-2 , -(D-aIanyl)-2 , -cydohexyI-2(R)-[l(S)-[(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazide there 
was obtained 0.186 g of (E)-2 , -(D-alanyl)-2 , -cyclohexyl-2(R)-[ 1 (S)-(hydroxy- 
carbamoyl) 4-phenyl-3-butenyl]-4-methylvalerohydrazide p-toluenesulphonate in the 

30 form of an off-white solid. 
MS: 473 (M+Hf 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 11.257 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA, column type: HYPERPEP 
35 300A. 
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The (E)-2 , -(D-alanyl)-2 , -cyclohexyl-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyl]-4-phenyl-3-butenyI]-4-methylvalerohydrazide used as the starting 
material was prepared as follows: 



5 (i) In a manner analogous to that described in Example 70, part (1), starting from 
(E)-2(R)-[l(S)-(tert.-butoxycarbonyl)~4-phenyl-3-butenyl)-4-methylvaleric acid and 
cyclohexylhydrazine there was obtained (E)-2(R)-[ l(S)-(tert.-butoxycarbonyl)-4- 
phenyl-3-butenyl)-2'>cyclohexyl-4-methylvalerohydrazide in the form of an off-white 
solid. 

10 

(ii) In a manner analogous to that described in Example 18, parts (i)-(iv), starting 
from (E)-2(R)-[l(S)-tert.-butoxycarbonyl)-4-phenyl-3-butenyl)-2'-cyclohexyl-4- 
methylvalerohydrazide and N-(9-fluorenylmethoxycarbonyl)-D-alanine acid fluoride 
there was obtained (E)-2 , -(D-alanyl)-2'-cyclohexyl-2(R)-[l(S)-[(tetrahydro-2(RS)- 
15 pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazide in the form of 
a gum. 

MS: 557 (M+H) + . 



Example 89 

20 

(EV2 , ^D-Alanvl)-2fR)4l(SVrhvdroxvcarbamovlV4-phenvl-3-butenvlI-4-methvl-2^ 
(2-phenvlethvOvalerohvdrazide p-toluenesulphonate 



In a manner analogous to that described in the first paragraph of Example 5, 
25 starting from 0.14 g of (E)-2 , -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-4-methyl-2'-(2-phenylethyl)valerohydrazide there 
was obtained 0.148 g of (E)-2 , -(D-alanyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyU 
3-butenyl]-4-methyl-2'-(2-phenylethyl)valerohydrazide p-toluenesulphonate in the 
form of a cream solid. 
30 MS: 495 (M+H)\ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 11.355 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type HYPERPEP 
300A. 



35 
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The (E)-2 ? -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyI- 
4-phenyl-3-butenyl]-4-methyl-2'-(2-phenylethyl)valerohydrazide used as the starting 
material was prepared as follows: 

(i) In a manner analogous to that described in Example 70, part (i), starting from 
(E)-2(R)-[l(S)-(tert.-butoxycarboxycarbonyl)-4-phenyl-3-butenyl]-4-methylvaleric 
acid and phenelzine sulphate there was obtained (E)-2(R)-[l(S)-(tert-butoxy- 
carbonyl)-4-phenyl-3-butenyl]-4-methyl-2'-(2-phenylethyl)valerohydrazide in the 
form of a cream solid. 
MS: 465 (M+H)\ 

(ii) In a manner analogous to that described in Example 18, parts (i)-(iv), starting 
from (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4-methyl-2'-(2- 
phenylethyl)valerohydrazide and N-(9-fluorenylmethoxycarbonyl)-D-alanine acid 
fluoride there was obtained (E)-2 , -(D-alanyl)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyl]-4-phenyl-3-butenyl]-4-methyl-2 , -(2-phenylethyl)valero- hydrazide 
in the form of a gum. 
MS: 579 (M+H) + . 

Example 90 

Mixture of (EV2WD-alanvlV2^cvclopentvl-2fRH US)-(hvdroxvcarbamovn-4- 
phenvl-3-butenvl1-4-methvlvalerohvdrazide p-toluenesulphonate and (EV2'-fD- 
alanyD^'-cvclopentvl^fS^-nfRl-fhvdroxvcarbamovD^-phenvlO-butenyll^- 
methvlvalerohvdrazide p-toluenesulphonate. 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.058 g of a mixture of (E)-2 , -(D-alanyl)-2 , -cyclopentyl-2(R)-[l(S)- 
[tetrahydro-2(RS)-pyranyIoxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalero- 
hydrazide and (E)-2 , -(D-alanyl)-2 , -cydopentyl-2(S)-[l(R)-[(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl] -4-phenyl-3-butenyl] -4-methylvalerohydrazide there was 
obtained 0.048 mg of a mixture of (EJ^'^D-alany^^'-cyclopentyl^CR)-! 1(S)- 
(hydroxycarbamoyl)-4-phenyl-3-butenyI]-4-methylvalerohydrazide p-toluene- 
sulphonate and(E)-2 t -(D-alanyl)-2 , -cyclopentyl-2(S)-[l(R)-(hydroxycarbonyl)-4- 
phenyl-3-butenyl]-methylvaIerohydrazide p-toluenesulphonate in the form of a pale 
pink solid. 
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MS: 459 (M+H) + . 

HPLC: Gradient elution using solvent A containing 20% solvent B increasing to 40% 
solvent B over 20 minutes; flow rate 1 ml/minute. Retention time: 6.607 minutes for 
isomer 1 and 7.390 minutes for isomer 2; Solvent A: H 2 O/0.1% TFA; solvent B: 
5 CH 3 CN/0.085% TFA. Column type: HYPERPEP 300A. 

The mixture of (E)-2 , -(D-alanyl)-2 , -cyclopentyl-2(R)-[l(S)-[(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-4-methylvalerohydrazideand 
(E)-2 , -(D>alanyl)-2'-cyclopentyl-2(S)-[l(R)-[(tetrahydro-2(RS)>pyranyloxy)- 
10 carbamoyl] -4-phenyl-3-butenyl] -4-methylvalerohydrazide used as the starting 
material was prepared as follows: 

In a manner analogous to that described in Example 73, part (ii), starting from 
a mixture of (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyI-3-butenyI]-4- 
15 methylvalerohydrazide and (E)-2(S)-[l(R)-(tert.-butoxycarbonyl)-4-phenyl-3- 

butenyl)-4-metrdvalerohydrazide and cyclopentanone there was obtained a mixture of 
(E)-2 , -(D-alanyl)-2^cyclopentyl-2(R)-[l(S)-[(tetrahydro-2(RS)- 

pyranyloxy)carbamoyl]-4-phenyl-3-butenyl] -4-methylvalerohydrazide and (E)-2'-(D- 
alanyl)-2 , -cyclopentyl-2(S)-[l(R).[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4- 
20 phenyl-3-butenyl) -4-methylvalerohydrazide in the form of a colourless gum. 
MS: 543 (M+H)\ 

Example 91 

25 (E)-2 , -(D-Alanvl)-2fR)>[l( r S)-rhvdr oxvcarbamovl)-4-phenv^3-butenvll-4-methvl-2'- 
propvlvalerohv drazide p-toluenesulphonate. 

In a manner analogous to that described in the first paragraph of Example 5» 
starting from 0.148 g of (E)-2 , -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyl- 
30 oxy)carbamoyl]-4-phenyl-3-butenyl]-4-methyl-2 , -propylvalerohydrazidep-toluene- 
sulphonate there was obtained 0.146 g of (E)-2 f -(D-alanyl)-2(R)-(l(S)-(hydroxy« 
carbamoyl)-4-phenyl-3-butenyl]-4-methyl-2'-propylvalerohydrazide p-toluene- 
sulphonate in the form of a white solid. 
MS: 433 (M+H) + 

35 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time 10.218 minutes. 



o 



o 



WO 00/00465 PCT/EP99/04223 

Solvent A: H 2 O/0.1%. TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The (E)-2 , -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carba- 
moyl]-4-phenyl-3-buetnyl]-4-methyl-2 , -propylvalerohydrazide used as the starting 
material was prepared as follows: 

In a manner analogous to that described in Example 59, parts (i) and (iii), 
starting from (E)-2(R)-[ l(S)-(tert.-butoxycarbonyl)-4-phenyl-3-butenyl]-4- 
methylvalerohydrazide and propionaldehyde there was obtained (E)-2'-(D-alanyl)- 
2 ( R)- [ 1 (S) - [ (tetrahydro-2(RS)-pyranyloxy)carbamoyl] -4-phenyl-3-butenyl] -4- 
methyl-2'-propylvalerohydrazide in the form of a gum. 
MS:517(M+H) + . 

Example 92 

fE)-2 , -(D-Alanvn-2(R)-flfSVfhvdroxvcarbamovn-4-phenvl-3-butenvl1>2 , -(5- 
hvdrox\ r pentvn-4-methvIvaIerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.042 g of (E)-2'-(D-alanyl)-2(R)- [ 1 (S)- [(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyI]-4-phenyl-3-butenyl]-2 , -(5-hydroxypentyl)-4-methylvalerohydrazide 
there was obtained 0.05 g of (E)-2 , -(D~alanyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4- 
phenyl^-butenyll^'-CS-hydroxypentylJ^-methylvalerohydrazide p-toluene- 
sulphonate in the form of an orange foam. 
MS: 477 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 9.317 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



The(E)-2 , -(D-alanyl)-2(R)-[l(S)-t(tetrahydro-2(RS)-pyranyloxy)-carba- 
moyl]-4-phcnyl-3-butenyl]-2 , -(5-hydroxypentyl)-4-methylvalerohydrazide used as 
the starting material was prepared as follows: 



o 



o 



WO 00/00465 



PCT/EP99/04223 



loo 



(i) In a manner analogous to that described in Example 59, part (ii), starting from 
(E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl-3butenyl]-4-methylvalerohydrazide 
and 5-hydroxypentanal there was obtained (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4- 
phenyl-3-butenyl]-2'-(5-hydroxypentyl)-4-methylvalerohydrazide in the form of a 



MS: 447 (M+H) + . 

(ii) A solution of 0.439 g of (E)-2(R)-[ l(S)-(tert.-butoxycarbonyl)-4-phenyl-3- 
butenylJ^'-CS-hydroxypentyO^-methylvalerohydrazide in 5 ml of dry dimethyl- 

10 formamide was treated with 0.31 ml of tert.-butylchlorodiphenylsilane and 0.169 g of 
imidazole. The mixture was stirred at room temperature for 3 hours and the solvent 
was evaporated. The residue was partitioned between ethyl acetate and 1M 
hydrochloric acid and the ethyl acetate layer was washed with saturated sodium 
chloride solution, dried over anhydrous magnesium sulphate and evaporated to give 

15 0.629 gof (E)'2 , -(tert.-butyldiphenylsilyloxypentyl)-2(R)-[l(S)-(tert.-butoxy- 
carbonyl)-4-phenyl-3-butenyl]-4-methylvalerohydrazide in the form of a gum. 
MS: 685 (M+H) + . 

(iii) In an analogous manner to that described in Example 18, parts (i)-(iv), 
20 starting from (E)-2 , -(tert.-butyldiphenylsilylpentyl)-2(R)-[l (S)-(tert.-butoxycar- 

bonyl)-4-phenyl-3-butenyl]-4-methylvalerohydrazide and N-(9-fluorenylmethoxy- 
carbonyl)-D-alanine acid fluoride there was obtained (E)-2 , -(D-alanyl)-2(R)-[l(S)- 
[(tetrahydro»2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-(5-hydroxy- 
pentyl)-4-methylvalerohydrazide in the form of a gum. 



fE^^'-fD-Alanvn^fR^-fUSVfhvdroxvcarbamovn^-phenvl^-butenvn^'^S- 
30 hvdro\^-2,2-dimethvlpropvl)-4>methvlvalerohvdrazide p-toluenesulphonate. 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.04 g of (E)-2 , -(D-alanyl)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyl]-4-phenyl-3-butenyl]-2 , -(3-hydroxy-2,2-dimethylpropyl)-4-methyl- 
35 valerohydrazide there was obtained 0.041 g of (E)-2'-(D-alanyl)-2(R)-[l(lS)- 



5 gum. 



25 MS: 561 (M+H)\ 



Example 93 
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io\ 

(hydrox7carbamoy])-4-phenyl-4-butenyl]-2 , -(3-hydrox7-2,2-dimethylpropyl)-4- 
methylvalerohydrazide in the form of a pale orange solid. 
MS:477 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
5 Solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 8.21 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: 95% CH 3 CN/5% H 2 O/0.085% TFA. Column 
type: HYPERPEP 300A. 

The (E)-2 , -(D-alanyl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carba- 
10 moyl)-4-phenyl-3-butenyl]-2 , -(3-hydroxy-2,2-dimethylpropyl)-4-methylvalero- 
hydrazide used as the starting material was prepared as follows: 

In a manner analogous to that described in Example 92, parts (i)-(iii), starting 
from (E)-2(R)-[l(S)-(tert.-butoxycarbonyl)-4-phenyl]-4-methylvalerohydrazide and 
15 2,2-dimethyl-3-hydroxypropionaldehyde there was obtained (E)-2'-(D-alanyl)-2(R)- 
[l(S)-((tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2 , -(3- 
hydroxy^^-dimethylpropyO^-methylvalerohydrazine in the form of a gum. 
MS: 561 (M+H) + . 

20 Example 94 

2 , -Benzvl-2m)-f4-cvclohexvl-l(SM 
pyridyDacetvllvalerohydrazide p-toluenesulphonate 

25 In a manner analogous to that described in the first paragraph of Example 5, 

starting from 0.31 1 g of 2 , -benzyl-2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]butyl]-4-methyl-2'-[2-(3-pyridyl)acetyl]valerohydrazide there 
was obtained 0.33 g of 2'-benzyl-2(R)-[4-cyclohexyl-l(S)-(hydroxycarbamoyl)butyl]- 
4-methyl-2 , -[2-(3-pyridyl)acetyl]valerohydrazide p-toluenesulphonate in the form of 

30 an off-white solid. 
MS: 537 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time 11.885 minutes. 
Solvent A: H 2 O/0.1%TFA; Solvent B: CH 3 CN/0.085%. TFA. Column type: 
35 HYPERPEP 300A. 
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The 2 , -benzyl-2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]butyl)-4-methyl-2'-[2-(3-pyridyl)acetyl]va]erohydrazide used as the 
starting material was prepared as follows: 



Example 8, from 2(R)-[l(S)-(tert-butoxycarbonyl)-4-cyclohexylbutyl]-4-methyl- 
valeric acid and benzylhydrazine and using 3-pyridylacetic acid in place of N-tert- 
butoxycarbony-(3-alanine in Example 8 there was obtained 2 , -benzyl-2(R)-[4~ 
o-clohexyl-l(S)-[(tetrahy 
10 pyridyl)acetyl]valerohydrazide in the form of a white foam. 
MS: 621 (M+H) + . 



15 2fR)-f4-CyclohexvI-l(SWhvdroxvca^ 

f2-(lH'K2,4-triazol-l-vnacetvllvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that descried in the first paragraph of Example 5, 
starting from 0.286 g of 2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
20 carbamoyl]butyl]-4-methyl-2 , -(2-phenylethyl)-2 , -[2-(lH-l,2,4-triazol-l-yl)- 

acetyl] valerohydrazide there was obtained 0.24 g of 2(R)-[4-cyclohexyl-l(S)-(hydrox- 
carbamoyl)butyl] ^-methyl^'-U-phenylethyl)^*- [2-( 1 H- 1 ,2,4-triazol- l-yl)acetyl] - 
valerohydrazide in the form of an off-white solid. 
MS: 541 (M+H) + 

25 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minures; flow rate 1 ml/minute. Retention time: 12.972 minutes. 
Solvent A: H 2 O/0.1%TFA; Solvent B: CH 3 CN/0.085%. TFA. Column type: 
HYPERPEP 300A. 

30 The2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]- 
butyl] ^-methyl^-U-phenyle^ 

hydrazide used as the starting material was prepared as follows: 



5 



In a manner analogous to that described in Example 1, parts (iii)-(vii) and 



Example 95 



In a manner analogous to that described in Example 1, parts (iii)-(vii) and 
35 Example 8, from 2(R)-[l(S)-tert-butoxycarbonyl)-4-cyclohexylbutyl]-4-methylvaleric 
acid and 2-phenylethylhydrazine and using 1,2,4-triazole-l -acetic acid in place of N- 
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tertbutoxycarbonyl-3-alanine in Example 8 there was obtained 2(R)- [4-cycIohexyl- 
l(S)-((tetrahydro-2(RS)-pyranyloxycarbonyl]butyl]-4-methyl-2'-(2-p 
[2-(lH-l,2 > 4-triazol-l-yl)acetyl]valerohydrazide in the form of a white solid. 
MS: 625 (M+H) + . 

Example 96 

2fRH4iCydohex^ 

f2-(3-pvridyI)aceH)valerohydrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.09 g of 2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]butyl]-4-methyl-2 , -(2-phenylethyl)-2'-[2-(3-pyridyl)acetyl]v^ 
hydrazide there was obtained 0.103 g of 2(R)-[4-cyclohexyl-l(S)-(hydroxycar- 

bamoyl)butyl]-4-methyl-2 , -(2-phenylethyl)-2 , -[2-(3-pyridyl)acetyl]valerohydrazide 
p-toluenesulphonate in the form of a white solid. 
MS: 551 (M+H)\ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes: flow rate 1 ml/minute. Retention time: 12.537 minutes. 
Solvent A: H 2 O/0.1% TFA:,Solvent B: CH 3 CN/0.085%. TFA. Column type: 
HYPERPEP 300A. 

The 2(R)-[4-cyclohexyl-l(SH 
oyl]butyl]-4-methyl-2^2-phenylethyl^ 
as the starting material was prepared as follows 

In a manner analogous to that described inExample 1, parts (iii)-(vii) and 
Example 8, from 2(R)-[l(S)-(tert-butoxycarbonyl)-4-cyclohexylbutyl]-4-methyl- 
valeric acid and 2-phenylethylhydrazine and using 3-pyridylacetic acid in place of N- 
tert-butoxycarbonyl-P-alanine in Example 8 there was obtained 2(R)-[4-cyclohexyl- 

l(S)-[(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]butyl]-4-methyl-2'-(2- 
phenylethyl)-2'-[2-(3-pyridyl)acetyl]valerohydrazide in the form of a white solid 
MS: 635 (M+H)\ 
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Example 97 

2rR)-f4-CvcIohe\M-lfSMhv^ 

4-methvl-2 t -f2-phenvlethvl)valerohvdrazide p-toluenesulphonate 

5 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.28 g of 2(R)-[4-cyclohexyl-l(S)-[(tetrah^ 

carbamoyl]butyl] -2'- [2-( lH-imidazol- 1 -yl)acetyl] -4-methyl-2'-(2-phenylethyl)- 
valerohydrazide there was obtained 0.282 g of 2(R)- [4-cyclohexyl-l(S)-(hydroxy- 
10 carbamoyl)butyl]-2'-[2-(lH-imidazol-l^^^ 

valerohydrazide p-toluenesulphate in the form of a white solid. 
MS: 540 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 12.970 minutes 
15 Solvent A: H 2 O/0.1% TFA; Solvent B: CH 3 CN/0.085%. Column type: HYPERPEP 
300A. 

The2(R)-[4-cyclohexyM(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]- 
butyl]-242-(lH-imidazol-l-yl)acety^^ 
20 used as the starting material was prepared as follows 

In a manner analogous to that described in Example 1, parts (iii)-(vii) and 
Example 8, from 2(R)-[l(S)-tert-butoxycarbonyl)-4-cyclohexylbutyl]-4-methylvaleric 
acid and 2-phenylethylhydrazine and using 1-imidazoleacetic acid in place of N-tert- 
25 butoxycarbonyl-p-alanine in Example 8 there was obtained 2(R)-[4-cyclohexyl-l(S)- 

[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]butyl]-2'-(2-(lH-imidazol-l-yl)acetyl]-4- 
methyl-2'-(2-phenylethyl)valerohydrazide in the form of a white solid. 
MS: 624 (M+H) + . 

30 Example 98 

2(RH4-Cyclohexvl-l(SV(hvd rox^ 

[2-(lH-l,2,3-triazoM-vna cetvnvalerohvdrazide p-toluenesulphonate 



35 



In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.3 g of 2(R)-[4-cyclohexyl-l(S)-((tetrahydro-2(RS)-pyranyloxy)- 
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carbamoyl]butyl]-4-methyl-2 , -(2-phenylethyl)-2 , -[2-(lH)-l,2,3-triazol-^ 
acetyljvalerohydrazide there was obtained 0.287 g of 2(R)-[4-cyclohexyl-l(S)- 
(hydroxycarbamoy])butyl]-4-meth^^ 
yl)aceryl]valerohydrazide in the form of a white solid. 
5 MS: 541 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 13.27 minutes. 
Solvent A: H 2 O/0.1% TFA; Solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

10 

The 2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]- 
butyM-methyl^'-U-phenylethyO 

hydrazide used as the starting material was prepared as follows: 

15 In a manner analogous to that described in Example 1, parts (iii)-vii) and 

Example 8, from 2(R)-[l(S)-tert-butoxycarbonyl)-4-cyclohexylbutyl]-4-methylvaleric 
acid and 2-phenylethylhydrazine and using 1,2,3-triazole-l-acetic acid in place of N- 
tert-butoxycarbonyl-p-alanine in Example 8 there was obtained 2(R)-[4-cyclohexyl- 

l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]buty]-4-methyl-2'-(2-phenylethyl)- 
20 2'-[2-(lH-l > 2 > 3-triazoUl-yl)acetyl)valerohydrazide in the form of a white solid. 
MS: 625 (M+H) + . 

Example 99 

25 2^Benzvl-2(RMl(S)-(hvdroxv^^ 

triazol-l-vOacetYHvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.305 g of 2'-benzyl-2(R)-[(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
30 carbamoyl] -4-phenylbutyl] -4-methyl-2'-[2-( 1H- 1 ,2,3-triazol- 1 -yl)acetyI]valero- 
hydrazide there was obtained 0.234 g of 2'-benzyl-2(R)-[l(S)-(hydroxycarbamoyO 
phenylbutyI]-4-methyl-2'-[2-(^ 
sulphonate in the form of a white solid. 
MS: 521 (M+H)\ 

35 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes: flow rate 1 ml/minute. Retention time: 12.278 minutes. 
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Solvent A: H 2 O/0.1% TFA; Solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPBDDS,C18. 



The 2'-benzyl-2(R)- [ 1 (S) - [(tetrahydro-2(RS)-pyranyloxy)carbamoyl] -4- 
5 phenylbutyl]-4-methyl-2 , -[2-(lH-l,23-triazol-l-yl)acetyl]valerohydrazide used as the 
starting material was prepared as follows: 



In an analogous manner to that described in Example 1, parts (iii)-(vii) and Example 
8, from 2(R)-[l(S)-(tert-butoxycarbonyl)-4-phenylbutyl]-4-methylvaleric acid and 
10 benzylhydrazine and using 1,2,3-triazol-l -acetic acid in place of N-tert-butoxy- 
carbonyl-P-alanine in Example 8, there was obtained 2'-benzyl-2(R)-[ l(S)-[(tetra- 

hydro-2(RS)-pyranyloxy)carbamoyl]-4-phenylbutyl]-4-methyl-2 , -[2-(lH-l,2 > 3- 
triazol-l-yl)acetyl]valerohydrazide in the form of a white foam. 
MS: 605 (M+H) + . 

15 

Example 100 



2 , -Benzvl-2(R')-fl(S)-(hvdroxvcarbamovn--4-phenvlbutvll-4-methvl-2 , -f2-(lH-K2,4- 
triazoI-l-yl)acetvl1valerohvdrazide p-toluenesulphonate 

20 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.285 g of 2 , -benzyl-2(R)-l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbam- 
oyl] -4-phenylbutyl] -4-methyl-2'- [2-( 1 H- 1 ,2,4-triazol- 1 -yl)acetyl] valerohydrazide 
there was obtained 0.31 gof 2 , -benzyl-2(R)-[l(S)-(hydroxycarbamoyl)«4-phenyl- 
25 butyl]-4-methyl-2 , -[2-(lH-l,2 > 4.triazol-l-yl)acetyl]valerohydrazide p-toluene- 
sulphonate in the form of an off-white solid. 
MS: 521 (M+Hr. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time 11.963 minutes. 
30 Solvent A: H 2 O/0.1% TFA; Solvent B: CH 3 CN/0.085% TFA. Column type: HYPBDS, 
C18. 



35 



The 2'-benzyI-2(R) - [ 1 (S)- [ ( tetrahydro-2(RS)-pyranyloxy)carbamoyl] -4- 
phenylbutyl]-4-methyl-2 , -[2-(lH-l ) 2,4-triazol-l-yl)acetyl]valerohydrazide used as the 
starting material was prepared as follows: 



o 
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In a manner analogous to that described in Example 1, parts (iii)-(vii) and 
Example 8, from 2(R)-[l(S)-(tert-butoxycarbonyl)-4-phenylbutyl]-4-methylvaleric 
acid and benzylhydrazine and using 1,2,4-triazol-l -acetic acid in place of N-tert- 
butoxycarbonyl-P-alanine in Example 8, there was obtained 2'-benzyl-2(R)-(l(S)- 
5 [(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenylbutyl]-4-methyl-2*-(2-(lH- 
l,2,4-triazol-l-yl)acetyl]valerohydrazide in the form of a white foam. 
MS: 605 (M+H) + . 



Example 101 

10 

2 t -Benz\'l-2(R)-[l(S)-(hvdroxvcarbamoyl)-4-phenvlbu^l1-4-methv-2'-f2-(3- 
pvridvl)acetyl1valerohvdrazide p-toluenesulphonate 



In a manner analogous to that described in the first paragraph of Example 5, 
15 starting from 0.3 1 7 g of 2'-benzyl-2(R)- [ 1 (S) - [ (tetrahydro-2(RS)-pyranyloxy )- 

carbamoyl] -4-phenylbutyl]-4-methyl-2 , -[2-(3-pyridyl)acetyl]valerohydrazide there 
was obtained 0.318 g of 2 , -benzyl-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenylbutyl]-4- 
methy-2'-[2-(3-pyridyl)acetyl]va!erohydrazide p-toluenesulphonate in the form of a 
cream coloured solid. 
20 MS: 531 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes. Solvent A: H 2 O/0.1% TFA; Solvent B: CH 3 CN/0.085% 
TFA. Column type: HYPBDS, CI 8. 

25 The2'-benzyl-2(R).[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4- 
phenyIbutyl]-4-methyl-2 , -[2-(3-pyridyl)acetyl]valerohydrazide used as the starting 
material was prepared as follows: 



In a manner analogous to that described in Example 1, parts (iii)-(vii) and 
30 Example 8, from 2(R)-[l(S)-(tert-butoxycarbonyl)-4-phenylbutyl)-4-methylvaleric 
acid and benzylhydrazine and using 3-pyridylacetic acid in place of N-tert-butoxy- 
carbonyl-3-alanine in Example 8, there was obtained 2'-benzyl-2(R)-[l(S)-[(tetra- 

hydro-2(RS)-pyranyloxy)carbamoyl]-4-phenylbutyl]-4-methyl-2 , -[2-(3-pyridyl)- 
acetyl]valerohydrazide in the form of a white foam. 
35 MS: 615 (M+H) + . 
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2 , -(4-AminobunTYl)-2 , -benzvl-2f^ 
4-methvlvalerohvdrazide p-toluenesulphonate 



In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.303 g of 2'-(4-aminobutyryl)-2 , -benzyl-2(R)-[4-cyclohexyl-l(S)- 
(tetrahydro-2(RS)-pyranyloxy)carbamoyl]butyl]-4-methylvalerohyrazide there was 
obtained 0.191 g of 2 , -(4-aminobutytyl)-2 , -benzyl-2(R)-[4-cyclohexyl-l(S)-(hydroxy- 
10 carbamoyl)butyl]-4-methylvalerohydrazide p-toluenesulphonate in the form of a 
white solid. 
MS: 503 (M+H)\ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time 12.36 minutes. 
15 Solvent A: H 2 O/0.1% TFA; Solvent B: CH 3 CN/0.085% TFA. Column type: HYPBDS, 
C18. 

The 2*-(4-aminobutyryl)-2 , ~benzyl-2(R)-[4-cyclohexyl-l(S)-[(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]butyll-4-methylvalerohydrazide used as the starting 
20 material was prepared as follows: 

(i) In a manner analogous to that described in Example 1, parts (iii)-(vii) and 
Example 8, from 2(R)-[l(S)-(tert-butoxycarbonyl)-4-cyclohexylbutyl]-4-methyl- 
valeric acid and benzyl hydrazine and using 4-benzyloxycarbonylaminobutyric acid in 
25 place of N-tert-butoxycarbonyI-(3-aIanine in Example 8, there was obtained 2'-benzyl- 

2 , -(4-benzyloxycarbonylaminobutyryl)"2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]butyl]-4-methylvalerohydrazide in the form of a white solid. 
MS: 721 (M+H) + . 

30 (ii) A solution of 2 , -benzyl-2'-(4-benzyloxycarbonylaminobutyryl)-2(R)-[4- 
cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]butyl]-4-methylvalero- 
hydrazide in methanol was shaken in an atmosphere of hydrogen in the presence of 
10% palladium-on-charcoal catalyst for 3 hours. The catalyst was filtered off and the 
methanol evaporated to give 2 , -(4-aminobutyryl)-2'-benzyl-2(R)-[4-cyclohexyl-l(S)- 

35 l(tetrahydro-2(RS)-pyranyloxy)carbamoyl]butyl]-4-methylvalerohydrazide in the 
form of a white solid. 



5 
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MS: 587 (M+H) + . 

Example 103 

5 2'-(4-AminobunT^V2(RMl(SHhydroxvca^ 
( 2( S)-methvlbun'QvaIerohvdrazide 

A solution of 0.216 g of (E)-2(R)-[l(S)-(benzyloxycarbamoylM 
butenyl]-2'-(4-benzyloxycarbonylaminobuty^ 
10 valerohydrazide in 5 ml of methanol was hydrogenated in the presence of 0.1 g of 10% 
palladium-on-carbon catalyst for 1 hour. The catalyst was removed by filtration and 
the methanol was evaporated. The residue was re-evaporated from diethyl ether and 
then triturated with a mixture of diethyl ether and hexane and there was obtained 
0.104 g of 2 , -(4-aminobutyryl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenylbutyl]-4- 
15 methyl-2 , -(2(S)-methylbutyl)valerohydrazide in the form of a white solid. 
MS: 477 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time 11.198 minutes. 
Solvent A: H 2 O/0.1% TFA; Solvent B: CH 3 CN/0.085% TFA. Column type: HYPBDS, 
20 C18. 

The(E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-2 , -(4- 
benzyloxycarbonyIaminobutyryl)-4-methyl-2'-(2(S)-methylbutyl)valerohydrazide 
used as the starting material was prepared as follows: 

25 

(i) I 

n a manner analogous to that described in Example 1, parts (iv)-(vii) using 
O-benzylhydroxyalanine in part (vi) there was obtained (E)-2(R)-[l(S)-(benzyloxy- 
carbamoyl)-4-phenyl-3-butenyl[-4-methyl-2'-(2(S)-methylbutyl)valerohydrazide in 
the form of a pale yellow solid. 
30 MS: 480 (M+H) + . 

(ii) In a manner analogous to that described in Example 8 from (E)-2(R)-[1(S)- 
(benzylox>xarbamoyl)-4-phenyl-3-butenyl]-4-methyl-2 , -(2(S)-methylbutyl)valero- 
hydrazide and using 4-benzyloxycarbonylaminobutyric acid in place of N-tert- 

35 butoxycarbonyl-p-alanine there was obtained (E)-(2(R)-[ l(S)-(benzyloxycarbamoyl)- 
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HO 

4-phenyIO-butenyl]-2 , -(4-benzyloxycarbonylaminobutyryl)-4-methyl-2 , -(2(S)- 
methylbutyl)valerohydrazide in the form of a white solid. 
MS: 699 (M+H) + . 

5 Example 104 

2fRVrHSWhvdro\^TarbamovlM-ph 

[2-( lH-l,2,4-triazol-l-vDacet^l)valerohvdrazide 

10 In a manner analogous to that described in Example 103 starting from 0.212 g 

of (E)-2(R)-[l(S)-benzyloxycarbamoyl)-4-phenyl-3-butenyl]-4-methyl-2'-(2(S)- 
methylbutyl)-2 , -[2-(lH-l,2 > 4-triazol-l-yl)acetyl]valerohydrazide there was obtained 
0.13 g of 2(R)-[l(S)-(hydroxycarbamoyl)-4-phenylbutyl]-4-methyl-2'-(2(S)-methyl- 
butyl)-2 , -[2-(lH-l > 2,4-triazol-l-yl)acetyl]valerohydrazide in the form of a white 

15 solid. 

MS: 501 (M+H)\ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time 11.39 minutes. 
SolventA:H 2 O/0.1%TFA; Solvent B: CH 3 CN/0.085% TFA. Column type: 
20 HYPERPEP 300A 

The (E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-4-methyl-2'- 
(2(S)-methylbutyl)-2 , «[2-(lH-l ) 2 > 4-triazol-l-yl)acetyl]valerohydrazide used as the 
starting material was prepared as follows: 

25 

In a manner analogous to that described in Example 8 from (E)-2(R)-[1(S)- 
(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-4-methyl-2'-(2(S)-methylbutyl)valero- 
hydrazide and using 1,2,4-triazol-l-acetic acid in place of N-tert-butoxycarbonyl-P- 
alanine there was obtained (E)-2(R) - [ 1 (S)-(benzyloxycarbamoyl)-4-phenyl-3- 
30 butenyl]-4-methyl-2'-(2(S)-m^ 

valerohydrazide in the form of a gum. 
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Example 105 



2fRWlfSV(hvdroxvcarbamovl^ 
methvl-2'-(2rSVmethvlbutvnvalerohvdrazide 



In a manner analogous to that described for Example 103 starting from 0.162 g 
of (E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-2'-[2-(lH-imidazol-l- 
yl)acet>-l]-4-methyl-2 , -(2(S)-methylbutyl)valerohydrazide there was obtained 0.065 g 
of 2(R)-[l(S)-(hydroxycarbamoyl)-4-phenylbutyl]-2 , -[2-(lH-imidazol-l-yl)acetyl]- 
10 4-methyl-2'-(2(S)-methylbutyl)valerohydrazide in the form of a white solid. 
MS: 500(M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes, flow rate 1 ml/minute. Retention time 11.273 minutes 
Solvent A: H 2 O/0.1% TP A; solvent B: CH 3 CN/0.085% TFA. Column type: 
15 HYPERPEP 300A. 

The(E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-2 , -[2-(lH- 
imidazol-l-yl)acetyl]-4-methyl-2 , -(2(S)-methylbutyl)valerohydrazide used as the 
starting material was prepared as follows: 



In a manner analogous to that described in Example 8 from (E)-2(R)-[ 1 (S)- 
(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-4-methyl-2 , -(2(S)-methylbutyl)valero- 
hydrazide and using imidazole- 1 -acetic acid in place of N-tert-butoxycarbonyl-(3- 
alanine in Example 8 there was obtained (E)-2(R)-( l(S)-(benzyloxycarbamoyl)-4- 
25 phenyl-3-butenyl]-2 , -[2-(lH-imidazol-l-yl)acetyl]-4-methyl-2 , -(2(S)-methylbutyl)- 
valerohydrazide in the form of a gum. 
MS: 588 (M+Hf. 



2'-Benzvl-2(R)-[l(S)-(hvdroxvcarbamovn-4-phenvlbutvl1-2 , -f2-(lH-imidazol-l- 
yPacetyll -4-methvlvalerohvdrazide p-toluenesulphonate 



5 
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Example 106 



30 



35 



In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.25 g of 2'-benzyl-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
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m 

carbamoyl]-4»phenylbutyl]-2'-[2-(l-imidazolyl)acetyl]-4-methylvalerohydrazide 
there was obtained 0.246 g of l^benzYl-liRyiliSMhydTOxyczTbamoy])^ 
phcnylbutyl]-2 , -[2-(lH-imidazol-l-yl)acetyl]-4-methylvalerohyd^ 
toluenesulphonate in the form of a cream solid. 
5 MS: 520 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvnet B over 15 minutes; flow rate 1 ml/minute. Retention time: 11.107 minutes. 
Solvent A: H 2 O/0.1% TFA; solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

10 

The2 , -benzyl-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4- 
phenylbutyl]-2'-[2-(l-imidazolyl)acetyl]-4-methylvaIerohydrazide used as the starting 
material was prepared as follows: 

15 In a manner analogous to that described in Example 1, parts (iii)-(vii) and 

Example 8, from 2(R)-[l(S)-(tert-butoxycarbonyl)-4-[phenylbutyl[-4-methylvaleric 
acid and benzylhydrazine and using imidazole- 1 -acetic acid in place of N-tert- 
butoxycarbonyl-(3-alanine in Example 8 there was obtained 2*-benzyl-2(R)-[l(S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenylbutyl]-2'-[2-(l- 

20 imidazolyl)acetyl]-4-methylvalerohydrazide. 

Example 107 

2 , -C4-Aminobutvrvn-2 , -benzvl-2(RVflfS)-(hvdroxvcarbamovn-4-phenvlbutvll-4- 
25 methvlvalerohvdrazide p-toluene sulphonate 

In a manner analogous to that described in the first paragraph of Example 5, 
starting from 0.237 g of 2'-(4-aminobutyl)-2'-benzyl-2(R)- [ 1 (S)- [ (tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]-4-phenylbutyl]-4-methylvalerohydrazide there was obtained 
30 0.219 g of 2 , -(4-aminobutyryl)-2'-benzyl-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl- 
butyl]-4-methylvalerohydrazide p-toluenesulphonate in the form of an off-white 
solid. 

MS: 497 (M+H)\ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
35 solvent B over 15 minutes; flow rate 1 ml/minute. Retention time 10.623 minutes. 
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US 

Solvent A: H 2 O/0.1 TFA; solvent B: CH 3 CN/0.085% TFA. Column type: HYPERPEP 
300A. 

The 2'-(4-aminobutyl)-2 , -benzyl-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyl- 
5 oxy)carbamoyl]-4-phenylbutyl]-4-methylvalerohydrazide used as the starting 
material was prepared as follows: 

(i) In a manner analogous to that described in Example 1, parts (iii)-(iv) and 
Example 8, from 2(R)-[ l(S)-(tert-butoxycarbonyl)-4-phenylbutyl]-4-methylvaleric 
10 acid and benzylhydrazine and using 4-benzyloxycarbonylaminobutyric acid in place 
of N-tert-butoxycarbonyl-(3-alanine in Example 8, there was obtained 2 , -benzyl-2 , -(4- 
benzyloxycarbonylaminobutyryl)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenylbutyl]-4-methylvalerohydrazide in the form of a white solid. 
MS:715(M+Hr. 

15 

In a manner analogous to that described in Example 102 part (ii) from 2'- 
benzyl-2'-(4-benzyloxycarbonylaminobutyl)-2(R)-[l(S)-t(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]-4-phenylbutyl]-4-methylvalerohydrazide there was obtained 
2'-(4-aminobutyl)-2 , -benzyl-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]- 
20 4-phenylbutyl]-4-methylvalerohydrazide in the form of a gum. 
MS: 581 (M+HT-. 

Example 108 

25 fE)-2(R)-flfSVfHvdroxvcarbamovlV4-phenv^3-butenvn>2 , >isobutvl-4-methv^2 , - 
( 1-methvl-L-prolvnvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in Example 1 1 but using N-methyl-L- 
proline in the place of N-acetyl-glycine there was obtained (E)-2(R)-[l(S)-(hydroxy- 
30 carbamoyO^-phenyl-S-butenylj^'-isobutyl^-methyl^'-Cl-methyl-L-prolyUvalero- 
hydrazide p-toluenesulphonate in the form of a white solid. 
MS: 487 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.93 minutes. 
35 Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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Example 109 

fEy2(RV[l(SMHvdroxvcarbam 
5 [2-(2-thienyl)acetvl1valerohvdrazide 

In a manner analogous to that described in Example 1 1 but using 2-(2- 
thienyl)acetic acid in the place of N-acetyl-glycine there was obtained (E)-2(R)-[ 1(S)- 
(hydrox7carbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2'-[2-(2-thienyl)- 
10 acetyl]valerohydrazide in the form of a white solid. 
MS: 500 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 13.00 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
15 HYPERPEP 300A. 

Example 1 10 

(EV2(RHl(S)-(Hvdroxvc arbamovIM-^ 
20 [2-(3-thienyl)acetyl1valerohvdrazide 

In a manner analogous to that described in Example 11 but using 2-(3- 
thienyl)acetic acid in the place of N-acetyl-glycine there was obtained (E)-2(R)-[ 1(S)- 
(hydrox7carbamoyl)-4-phenyl-3-butenyI]-2 , -isobutyl-4-methyl-2'-[2-(3-thienyl)- 
25 acetyl]valerohydrazide in the form of a white solid. 
MS: 500 (M+ H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.91 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
30 HYPERPEP 300A. 

Example 1 1 1 

(E)- 2 , -f2-Furovn-2(RVri(SV (hvdroxvcarbamovn-4-phenvl-3-butenvlK2 , MSobut^N 
35 4-methvlvalerohvdrazide 

In a manner analogous to that described in Example 11 but using 2-furanoic 
acid in the place of N-acetyl-glycine there was obtained (E)-2'-(2-furoyl)-2(R)-[l(S)- 
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(hydrox)xarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4-rnethylvalerohydrazide in the 
form of an off-white solid. 



MS: 470 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.11 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



(EV 2'-f3-Furovn-2(RH lfSVfhvdroxycarbamovn-4-phenvl-3-butenvn-2'-isobutvl- 
4-methvlvalerohvdrazide 

In a manner analogous to that described in Example 1 1 but using 3-furanoic acid in 
the place of N-acetyl-glycine there was obtained (E)-2'-(3-fiiroyl)-2(R)-[l(S)- 
(hydroxycarbamoyl)-4-phenyl-3-butenyl] ^'-isobutyM-methylvalerohydrazide in the 
form of a white solid. 
MS: 470 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.10 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



(E)-2(R)-fUS)>(Hvdroxvcarbamovn-4-phenvl-3-butenvll-2 , Msobutvl-2 , -f2- 
(methanesulphonvDacetvll -4-methvlvalerohvdrazide 

In a manner analogous to that described in Example 1 1 but using 
methanesulphonyl acetic acid in the place of N-acetyl-glycine there was obtained (E)- 
2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-2 , -[2-(methane- 
sulphonyl)acetyl]-4-methylvalerohydrazide in the form of a white solid. 
MS: 496 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 1 1.84 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 112 



Example 113 
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Example 1 14 

(E)-2(RMl(SMHvdroxvcarbamovlV4-phenv^^ 
[2-f 1-pvrrolvPacetvllvalerohvdrazide 

5 

In a manner analogous to that described in Example 11 but using 2-(l- 
pyrrole) acetic acid in the place of N-acetyl-glycine there was obtained (E)-2(R)- 
[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2'-[2-(l- 
pyrrolyl)acetyl]valerohydrazide in the form of a white solid. 
10 MS: 483 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.80 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



15 



Example 115 



20 



30 



(E)-2(R)-fl(SV(Hvdroxvcarbamovn-4-phenvl~3-butenyll-2'-isobutyl-4-methvl-2'- 
( 1 -methvl-D-proIvQvalerohvdrazide p-toluenesulphonate 



In a manner analogous to that described in Example 1 1 but using N-methyl- 
D-proline in the place of N-acetyl-glycine there was obtained (E)-2(R)-[1(S)- 
(hydroxycarbamoylJ^-phenyl^-butenylJ^'-isobutyl^-methyl^^Cl-methyl-D- 
prolyl)valerohydrazide p-toluenesulphonate in the form of a white solid. 
25 MS: 487 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.56 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 116 



fE)-2 , -f2-(l,2,3,6-Tetrahvdro-2.6-dioxo>4-pvrimidinvl)acetvn-2(RMl(S)-(hvdroxv- 
carbamovl)-4-phenvl-3-butenvn-2'-isobutvl>4-methvlvalerohvdrazide 

In a manner analogous to that described in Example 8 but using 4- uracil acetic 
acid in the place of N-tert.butyloxycarbonyl-P-alanine there was obtained (E)-2'-[2- 
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(l,2,3 > 6-tetrahydro-2,6-dioxo-4-pyrimidinyl)acetyl]-2(R)-[l(S)-(hydroxycarbamoyl)- 
4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalerohydrazide in the form of a white solid. 
MS:528 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
5 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.61 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 117 

10 

(E > )-2(R)-[US)-(Hvdroxycarbamovl)>4-phenv^3-butenvn-2'-isobutv^4-methvl-2 , - 
f2-(2-thioxo-4 -oxo-5(RS)-thiazoIidinyl)acetvllvalerohydrazide 



In a manner analogous to that described in Example 8 but using 3-rhodamine 
15 acetic acid in the place of N-tert.butyloxycarbonyl-P-alanine there was obtained (E)- 
2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2'-[2-(2- 
thioxo-4-oxo-5(RS)-thiazolidinyl)acetyl]valerohydrazide in the form of a white solid. 
MS: 549 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
20 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.92 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 118 

25 

(EV2(RVrifSV(Hvdroxvcarbamovl)-4-phenyl-3-butenyll-2^isobutvl-4-methyl-2 , -> 
f f 1 -methyl-2-pvrrolv0carbonvI]vaIerohvdrazide 



In a manner analogous to that described in Example 1 1 but using N-methyl- 
30 pyrrole-2-carboxylic acid in the place of N-acetyl-glycine there was obtained (E)- 
2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2 , -[(l- 
methyl-2-pyrrolyl)carbonyl]valerohydrazide in the form of a white solid. 
MS: 483 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
35 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.58 minutes. 
Solvent A: H2O/0.196 TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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Example 1 19 

m-2fRWlfSMHvdroxvcarbamoy^^ 

1 sob utvl - 4 - m ethyl val eroh vdrazi d e 

5 

In a manner analogous to that described in Example 8 but using 3-indole 
acetic acid in the place of N-tert.butyloxycarbonyl-P-alanine there was obtained (E)- 

2 ( R)-[ 1 ( S) - ( hydroxycarbamoy^ 

isobutyl-4-methylvalerohydrazide in the form of a white solid. 
10 MS:533 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.86 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

15 

Example 120 

fE)-2fR)>fl(S)-(Hvdroxvcarbamovn^4-phenvl-3-butenvi1-2 , -f3-f4-imidazoIvlV 
propionvl] -2Msobutvl-4-methvlvaIerohvdrazide hydrochloride 

20 

In a manner analogous to that described in Example 25 but using deamino 
histadine acid chloride in the place of N-tert.butoxycarbonyl-L-leucine acid fluoride 
there was obtained (E)-2(R)- [ 1 (S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl] -2*- [3- 
(4-imidazolyl)propionyl]-2'-isobutyl-4-methylvalerohydrazide hydrochloride in the 
25 form of a white solid. 
MS: 498 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.72 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
30 HYPERPEP 300A. 

Example 121 

(E)-2(R)-f l(SV(Hvdroxvcarbamovl)-4-phenvl-3-butenvl1-2 , -isobut\d-4-methvl-2 t ' 
35 f 2-( 1-pvrazolvDacetvll valerohvdrazide p-toluenesulphonate 



In a manner analogous to that described in Example 37 but using 2-(l- 
pyrazolyl)acetic acid hydrogen bromide in the place of 2-(l-pyrrolidinyl)acetic acid 
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hydrogen bromide there was obtained (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl- 
3-butenyl]«2'-isobutyl-4-methyl-2'-[2-(l-pyrazolyl)acetyl]valerohydrazide p-toluene- 
sulphonate in the form of a white solid. 
MS:484 (M+H) + . 

5 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 1 1 .80 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



(EV2(RV[USV(Hvdroyycarbamovn-4-phenvl-3-butenvn-2 , -isobut^l-4>methvl-2'- 
[2'(lH-K2,3-triazoM-vl)acetvl1valerohvdrazide p-toluenesulphonate 

15 

In a manner analogous to that described in Example 37 but using 2-(lH-l,2,3- 
triazol-l-yl)acetic acid hydrogen bromide in the place of 2-(l-pyrrolidinyl)acetic acid 
hydrogen bromide there was obtained (E)-2(R)- [ 1 (S)-(hydroxycarbamoyl)-4-phenyl- 

3-butenyl]-2 , -isobutyl-4-methyl-2M 
20 p-toluenesulphonate in the form of an off-white solid. 
MS: 485 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.42 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
25 HYPERPEP 300A. 



(E)-2fR)-^l(S)-(HvdroxvcarbamovlV4-phenv^3-butenvl1>2 t MSobutvl-4-methvl-2 , - 
30 [2-(lH-K2,4-triazol-l-vl)acetvllvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in Example 37 but using 2-( 1H- 1,2,4- 
triazol-l-yl)acetic acid hydrogen bromide in the place of 2-(l-pyrrolidinyl)acetic acid 
hydrogen bromide there was obtained (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl- 
35 3-butenyl]-2'-isobutyl-4-methyl-2 , -[2-(lH-l,2,4-triazol-l-yl)acetyl]valerohyd 
p-toluenesulphonate in the form of an off-white solid. 
MS: 485 (M+H)+. 



10 



Example 122 



Example 123 
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HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.07 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

5 

Example 124 

{FVr-f2-(Tetrahvdro-2H-p^ 

phenvl-3-butenvll'2'-isobutvl-4-methvlvaIerohvdrazide 

10 

In a manner analogous to that described in Example 11 but using 2- 
(tetrahydro-2H-pyran-4-yl)acetic acid in the place of N-acetyl-glycine there was 
obtained (E)-2'-[2-(Tetrahydro-2H-pyran-4-yl)acetyl]-2(R)-[l(S)-(hydroxy- 
carbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalerohydrazide in the form of 
15 a white solid. 

MS: 502 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.62 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
20 HYPERPEP 300A. 



Example 125 

(FV2 , 44-fDiethvlamino)butvrvll-2(RV[l(SV(hvdroxv carbamovn-4-phenvl-3- 
25 butenvl1-2 , MSobutvl-4-methvlvalerohvdrazide p-toluenes ulphonate 

In a manner analogous to that described in Example 11 but using 4-(diethyl- 
amino)butanoic acid in the place of N-acetyl-glycine there was obtained (E)-2'-[4- 
(diethylamino)butyryl]-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'- 
30 isobutyl-4-methylvalerohydrazide p-toluenesulphonate in the form of a white solid. 
MS:517(M+H)+. 

HPLC: Gradient elution using solvent A containing 10% solvent B for 5 minutes and 
then increasing to 90% solvent B over 10 minutes; flow rate 1 ml per minute. 
Retention time: 11.18 minutes. Solvent A: H2O/0.1% TFA; solvent B: 
35 CH3CN/0.085% TFA. Column type: LUNA 3U C18(2) GRAD. 
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Example 126 



fE)-2(R)-fUS > )-(HvdroxvcarbamovlV4>phenvl-3-butenvn-2 , -f2-(4- 
imidazolvl)acetyl1-2'-isobutvl-4'methvlvaIerohvdrazide hydrochloride 



5 



In a manner analogous to that described in Example 25 but using 2-(4- 
imidazolyl)acetic acid chloride in the place of N-tert.butoxycarbonyl-L-leucine acid 
fluoride there was obtained (E)-2(R)-[ l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-2'-[2-(4-imidazolyl)acetyl]-2 , -isobutyl-4-methylvalerohydrazide hydro- 
10 chloride in the form of a white solid. 
MS: 484 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 90% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.73 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
15 HYPERPEP 300A. 



(El-2(R)-f US)-(Hvdroxvcarbamoyn-4-phenvl-3-butenvn-2 , -isobutvl-4-methvl-2'- 
20 [2-( l-methyl-4-piperidinvl v )acetvllvalerohydrazide p-toluenesulphonate 

In a manner analogous to that described in Example 37 but using 2-( 1-methyl- 
4-piperidine)acetic acid hydrogen chloride in the place of 2-(l-pyrrolidinyl)acetic 
acid hydrogen bromide there was obtained (E)-2(R)-[ l(S)-(hydroxycarbamoyl)-4- 
25 phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2 , -[2-(l-methyl-4-piperidinyl)acetyl]valero- 
hydrazide p-toluenesulphonate in the form of a white solid. 
MS: 515 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.53 minutes. 
30 Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 127 
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Example 128 



(EV2(RMUS)-(HvdroxycarbamovlW-pheny 
(3-phthalimidopropionvlWalerohvdrazide 

5 

A solution of 0.050 g of (E)-2(R)- [ 1 (S)- [ (tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2 , -(3- 

phthalimidopropionyl)valerohydrazide in 5 ml of methanol was treated with 0.005 g 
of p-toluenesulphonic acid monohydrate. The mixture was stirred for 1 hr at room 
10 temperature and evaporated. The residue was triturated with diethyl ether, filtered off 
and dried to give 0.009 g of (E)-2(R)-[ 1 (S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-2'-isobutyl-4-methyl-2 , -(3-phthalimidopropionyl)valerohydrazide in the 
form of an off-white solid. 
MS: 577 (M+H) + 

15 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 13.16 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

20 The(E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2 , -isobutyl-4-methyl-2 , -(3-phthalimidopropionyl)valerohydrazide used as 
the starting material was prepared in a manner analogous to that described in 
Example 24, part (i) but using 2-isoindolinepropionic acid chloride in place of (N- 
phthaloyl)-glycine acid chloride. 

25 MS:661(M+H)+. 



(E)-2(R)-fl(S)-(Hvdroxvcar bamovn-4-phenv^3-butenvl^2 , -isobutv^4-methvl-2 , - 
30 (2(S)-phthalimidopropionvnvaIerohvdrazide 

In a manner analogous to that described in Example 128 but using 2(S)- 

phthalimidopropionic acid chloride in the place of 2-isoindolinepropionic acid 

chloride there was obtained (E)-2(R).[ 1 (S)-(hydroxycarbamoyl)-4-phcnyl-3- 

35 butenyl]-2 , -isoburyl-4>methyl-2'-(2(S)-phthalimidopropionyl)valerohydrazidein the 
form of a white solid. 

MS: 577 (M+H)+ 



Example 129 
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HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.60 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

5 

Example 130 

fEV2 , -f2-AminO'2-methvlpropionyl > )-2(R)-f USV(hvdroxycarbamov1V4-phenyl-3- 
butenvl1-2 t -isobutA r l-4-methylvalerohydrazide p-toluenesulphonate 

10 

In a manner analogous to that described in Example 6 but using 2-(9- 
fluorenylmethyloxycarbonyl)amino-isobutyric acid in place of N-(9-fluorenyl- 
methyloxycarbonyl)-cycloleucine there was obtained (E)-2'-(2-amino-2-methyl- 
propionyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4- 
15 methylvalerohydrazide p-toluenesulphonate in the form of a white solid. 
MS: 461 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.49 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
20 HYPERPEP 300A. 

Example 131 

(EV2(S)-Amino-3-fr2-r2(R , )-fl(S)-(hvdroxvcarbamovl)-4-phenvl-3-butenvl1-4- 
25 methvlvalervll-l-isobutvlhvdrazinolcarbonvllpropionic acid trifluoroacetate 

A solution of 0.050 g of (E)-2(S)-amino-3- [ [2- [2(R)- [ 1 (S)-(hydroxy- 
carbamoyl)-4-phenyl-3-butenyl] -4-methylvaleryl] - 1 -isobutylhydrazino] carbonyl] - 
tert.butoxypropionate hydrogen chloride in 1 ml of dichloromethane was treated with 

30 0.400 mL of trifluoroacetic acid. The mixture was stirred for 4 hours at room temper- 
ature and evaporated. The residue was triturated with diethyl ether, filtered off and 
dried to give 0.022 g of (E)-2(S)-amino-3-[[2-[2(R)-[l(S)-(hydroxycarbamoyl)-4- 
phenyl-3-butenyl]-4-methylvaleryl]-l-isobutylhydrazino]carbonyl]propionic acid 
trifluoroacetate in the form of a white solid. 

35 MS: 491 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.23 minutes. 



10 
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Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The(E)-2(S)-Amino-3-[[2-[2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-4-meth)dvaleryl]-l-isobutylhydrazino]carbonyl]tert.butoxypropionate 
hydrogen chloride used as the starting material was prepared in a manner analogous 
to that described in example 8 but using N-tert.-butoxycarbonyl-L-aspartic acid cc- 
tert.butyl ester in place of N-tert.-butoxycarbonyl-p-alanine. 
MS: 547 (M+H)+ 

Example 132 



(E)>2(R)-fl(S)-(Hvdroxvcarbamovl)-4-phenvl-3-butenvn>2 , -isobutvl-4-methvl-2 , > 
[2-(2-pvridyl)acetvl]valerohvdrazide hydrochloride 

15 

In a manner analogous to that described in Example 8 but using 2-(2-pyridyl) 
acetic acid in the place of N-tert.butyloxycarbonyl-P-alanine there was obtained (E)- 
2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2'-[2-(2- 
pyridyl)acetyl]valerohydrazide hydrochloride in the form of a pale yellow solid. 
20 MS: 495 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.95 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

25 

Example 133 

(E)-2(R)-fl(S)-(Hvdroxvcar bamovn-4-phenvl-3-butenvll-2 t -isobutvl-4-methvl-2 1 > 
f2-(3-pvridvnac etvl1valerohvdrazide p-toluenesulphonate 

30 

In a manner analogous to that described in Example 1 1 but using 2-(3- 
pyridyl) acetic acid in the place of N-acetyl-glycine there was obtained (E)-2(R)- 
[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2'-[2-(3- 
pyridyl)acetyl]valerohydrazide p-toluenesulphonate in the form of a white solid. 
35 MS: 495 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.71 minutes. 
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Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 134 



5 



fF.V2(RMl(SMHvdroxvcarbam 

[2-(4-p\TidvnaceH1valerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in Example 1 1 but using 2-(4- 
10 pyridyl) acetic acid in the place of N-acetyl-glycine there was obtained (E)-2(R)- 
[ l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2 , -[2-(4- 
pyridyl)acetyl]valerohydrazide p-toluenesulphonate in the form of a white solid. 
MS: 495 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
15 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.62 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



rEV2(R^rl(SV(Hvdrox^^carbamovl)-4~phenvI-3-butenvn-2^isobutvl-4-methvl-2 , - 
f 2 - ( 1 H -tetr azol -5-vl ) acetyl 1 valeroh vdrazide 

A solution of 0.190 g of (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
25 carbamoyl] -4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2'- [2-( lH-tetrazol-5-yl)- 
acetyl]valerohydrazide in 5 mL of methanol was treated with 0.020 g of p-toluene- 
sulphonic acid monohydrate. The mixture was stirred for 2 hours at room temper- 
ature and evaporated. The residue was triturated with diethyl ether, filtered off and 
dried to give 0.152 g of (E)-2(R)-[l(S)-(hydroxycarbamoyl)«4-phenyl-3-butenyl]-2'- 
30 isobutyl-4-methyl-2'-[2-(lH-tetrazol-5-yl)acetyl]valerohydrazide in the form of a 
white solid. 
MS: 486 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.09 minutes. 
35 Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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The ( E)-2(R)- [ 1 (S)- [ (tetrahydro-2(RS)-pyranyloxy)carbamoyl] -4-phenyl-3- 
butenyll^'-isobutyl^-methyl^'-IZ-ClH-tetrazol-S-yOacetylJvalerohydrazide used as 
the starting material was prepared as follows: 

5 (i) A solution of 0.416 g of (E)-2(R)-(l(S)-(tert-butoxycarbonyl)-4-phenyl-3- 
butenyl]-2'-isobutyl-4-methylva]erohydrazide and 0.282 g of 2-(lH-tetrazol-5- 
yl)acetic acid in 4 ml of dimethylformamide was treated at room temperature under 
nitrogen with 0.461 g of l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide 
hydrochloride. The mixture was stirred for 0.5 hours at room temperature and 

10 evaporated. The residue was dissolved in ethyl acetate and washed with 5% aqueous 
sodium hydrogen carbonate solution and saturated sodium chloride solution, dried 
over anhydrous magnesium sulphate and evaporated to give 0.630 g of (E)-2(R)- 
[l(S)-(tert-buto^carbonyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2'-[2-(lH^ 
tetrazol-5-yl)acetyl]valerohydrazide in the form of an off-white foam. 

15 MS: 527 (M+H)+ 

(ii) In a manner analogous to that described in Example 18, parts (ii)-(iii), but 
using (E)-2(R)-[l(S)-(tert-butoxycarbonyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4- 
methyl-2 , -[2-(lH>tetrazol-5-yl)acetyl]valerohydrazide in the place of (E)-2(R)-[1(S)- 

20 (tert-butoxycarbonyl)-4-phenyl-3-butenyl]-2 , -isobutyl-2 , -[N-(9-fluorenylmethyloxy- 
carbonyl)-0-tert.butyl-D-seryl]-4~methylvalerohydrazide there was obtained (E)- 
2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'- 
isobutyl-4-methyl-2'-[2-(lH-tetrazol-5-yl)acetyl]valerohydrazide in the form of a 
white solid. 

25 MS:570 (M+H)+ 



(EV2(R)-[l(S)>(Hvdroxvcarbamovl)-4-phenvl-3-butenvll-2 , -isobutvl-4-methvl-2'- 
30 [2>(4-piperidinvl)acetvllvalerohvdrazide hydrochloride 

A solution of 0.300 g of (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2 t -isobutyl-4-methyl-2'-[2-(4-piperidinyl)acetyl]- 
valerohydrazide in 3 ml of 4M hydrogen chloride in dioxan was stirred for 2.5 hours 
35 at room temperature and diluted with diethyl ether. The solid was filtered off, washed 
with diethyl ether and dried to give 0.256 g of (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4- 
phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2 ? -[2-(4-piperidinyl)acetyl] valerohydrazide 
hydrochloride in the form of an off-white solid. 
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MS: 501 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.56 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
5 HYPERPEP 300A. 

The (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2 , -isobut) , l-4-rnethyl-2'-[2-(4-piperidinyl)acetyl]valerohydrazide used as the 
starting material was prepared as follows: 

10 

(i) A solution of 0.157 g of (E)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalerohydrazide in 5 ml of 
dimethyiformamide was treated at room temperature under nitrogen with 0.250 g of 
2- [N-(9-fluorenylmethyloxycarbonyl)-4-piperidine] acetic acid and 0.132 g of 1-ethyl- 

15 3-(3-dimethylaminopropyl)-carbodiimide hydrochloride. The mixture was stirred 
overnight at room temperature and evaporated. The residue was dissolved in ethyl 
acetate and washed with 5% aqueous citric acid solution, 5% aqueous sodium 
hydrogen carbonate solution, saturated sodium chloride solution, and then dried over 
anhydrous magnesium sulphate and evaporated to give 0.500 g of (E)-2(R)-[1(S)- 

20 [(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-2 , -[2- 
(N-(9-fluorenylmethylox)xarbonyl)-4-piperidyl)acetyl]-4-methylvalerohydrazide in 
the form of a clear oil. 
MS: 807 (M+H)+. 

25 (i) A solution of 0.500 g of (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-2 , -[2-(N-(9-fluorenylmethyloxy- 
carbonyl)-4-piperidyl)acetyl]-4-methylvalerohydrazide in a mixture of 1.6 ml of 
dichloromethane and 0.4 ml of piperidine was stirred at room temperature for 3 
hours. The solution was evaporated and the residue was triturated with hexane. The 

30 resulting solid was filtered off and dried to give 0.304 g of (E)-2(R)-[ l(S)-[(tetra- 
hydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2 , - 
[2-(4-piperidinyl)acetyl]valerohydrazide in the form of a white solid. 
MS: 585 (M+H)+ 
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Example 137 



fEV2 , -f4-AminobutvrvlV2(R)-[lfS)-(hvdroxvcarbamov])-4-phenvl-3-butenv 
i sobutvl-4 - m ethyl valerohvdrazid e 



In a manner analogous to that described in Example 8 but using N-(tert.- 
butyloxycarbonyl)-4-aminobutyric acid in the place of N-tert.butyloxycarbonyl-(3- 
alanine there was obtained (E)-2'-(4-Aminobutyryl)-2(R)-[l(S)-(hydroxycarbamoyl)- 
4-phenyl-3~butenyl]-2 , -isobutyl-4-methylvalerohydrazide in the form of a white solid. 
10 MS:461(M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.36 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



(EV2 , >(D>alpha>Glutamvn-2(R)-fl(S)-(hvdroxvcarbamovl)-4-phenv^3>butenvll-2 , - 
isobun'l-4-methylvalerohvdrazide trifluoroacetate 



A solution of 0.620 g of (E)-2 , -((N-tert.butyloxycarbonyl)-D-alpha-(tert.- 
butylo\y)-glutamyl)-2(R)-[l(S)- [(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4- 
phenyl-3-butenyl]-2 , -isobutyl-4-methylvalerohydrazide in 6 ml of dichloromethane 
was treated with 6 ml of trifluoroacetic acid. The mixture was stirred for 2.5 hours at 

25 room temperature under nitrogen and evaporated. The residue was triturated with 
diethyl ether, filtered off and further purified by flash column chromatography on 
silica gel using dichloromethane/methanol (80:20) for the elution. The solvent was 
then evaporated to give 0.280 g of (E)-2 , -(D-alpha-glutamyl)-2(R)-[l(S)-(hydroxy- 
carbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalerohydrazide 

30 trifluoroacetate in the form of a light brown solid. 
MS: 505 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.77 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
35 HYPERPEP 300A. 



5 



15 
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The (E)-2 , -((N-tert.butyloxycarbonyl)-D-alpha-(tert.butyloxy)-gIutamyl)- 
2( R)-[ 1 (S)- [ (tetrahydro-2(RS)-pyranyloxy)carbamoyl] -4-phenyl-3-butenyl] -2'- 
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m 

isobutyl-4-methylvalerohydrazide used as the starting material was prepared as 
follows: 



A solution of 0.459 g of (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
5 carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalerohydrazide in 7 ml of 

dichloromethane was treated at 0°C under nitrogen with 0.606 g of N-[(l,l-dimethyl- 
ethoxy)carbonyl]-5-(l,l-dimethylethyl)ester-D-glutamic acid and 0.383 g of 1-ethyl- 
3-(3-dimethylaminopropyl)-carbodiimide hydrochloride. The mixture was stirred 
for a further 1 hour at 0°C and then overnight at room temperature. Evaporation of 
10 solvents gave a residue which was dissolved in ethyl acetate and washed with 5% 
aqueous citric acid solution, 5% aqueous sodium hydrogen carbonate solution, 
saturated sodium chloride solution, and then dried over anhydrous magnesium 
sulphate and evaporated. Purification of the residue by chromatography on silica gel 
using hexane/ethyl acetate (2:1) for the elution and evaporation gave 0.64 g of (E)-2'- 
15 ((N-tert.butylo>^xarbonyl)-D-alpha-(tert.butyloxy)-Glutamyl)-2(R)-[l(S)- [(tetra- 
hydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl- 
valerohydrazide. 
MS: 745 (M+H)+ 

20 Example 139 

(E)-2fR)-fl(S)-(Hvdroxvcarbamovn-4-phenvl~3-butenvIl-2'-isobun^l-4-methyl-2'- 
(2-thienovl)valerohvdrazide 

25 In a manner analogous to that described in Example 1 1 but using 2-thio- 

phenecarboxylic acid in the place of N-acetyl-glycine there was obtained (E)-2(R)- 
[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyM-methyl-2 , -(2- 
thienoyl)valerohydrazide in the form of a white solid. 
MS: 486 (M+H)+ 



30 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.58 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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Example 140 

rEV2(RMUSMHvdro:CTcarbamo 
f 3-thienovnvaIerohydrazide 

5 

In a manner analogous to that described in Example 1 1 but using 3-thio- 
phenecarboxylic acid in the place of N-acetyl-glycine there was obtained (E)-2(R)- 
[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2'-(3- 
thienoyl)valerohydrazide in the form of a white solid. 
10 MS:486 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.28 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

15 

Example 141 

fEV2(R)-fl(S)-(Hvdroxvcarbamovl)~4-phenyl-3-butenvll-2'-isobutvN4>methvl-2'- 
f( r L23-thiadiazol-4-vl)carbonvl1valerohvdrazide 

20 

In a manner analogous to that described in Example 11 but using 1,2,3- 
thiadiazole-4-carboxylic acid in the place of N-acetyl-glycine there was obtained (E)- 
2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2 , -[(l,2 > 3- 
thiadiazol-4-yl)carbonyl]valerohydrazide in the form of an off-white solid. 
25 MS: 488 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.96 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

30 

Example 142 

fE)-2fR)-fl(SV(Hvdrox\^carbamovn-4-phenvl-3-butenvll-2 , -isobut\^-2 , -fN-- 
(methanesulphonvl)-D-alanvll-4-methvlvaIerohvdrazide 

35 

A solution of 0.332 g of (E)-2(R)-[ 1 (S)- [ (tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyI]-2'-isobutyl-2 , -[N-(methanesulphonyl)-D-alanyl]-4- 
methylvalerohydrazide in 10 ml of methanol was treated with 0.040 g of p-toluene- 
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sulphonic acid monohydrate. The mixture was stirred at room temperature for 2 
hours and evaporated. The residue was triturated with diethyl ether, filtered off and 
dried to give 0.010 g of in the form of an off-white solid. 
MS: 525 (M+H) + . 

5 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 1 L40 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



10 The (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 

butenyl]-2'-isobutyl-2 , -[N-(methanesulphonyl)-D-alanyl]-4-methylvalerohydrazide 
used as the starting material was prepared as follows: 

A solution of 0.663 g of (E)-2'-(D-alanyl)-2(R)- [ l(S)-(tetrahydro-2(RS)-pyranyloxy)- 
15 carbamoyl] -4-phenyl-3-butenyl]-2 , -isobutyl-4-methylvalerohydrazide (prepared as 
described in example 23, parts (i)-(iii)) in 10 ml of dichloromethane was treated with 
0.1 15 ml of pyridine and 0.210 g of methane sulphonic anhydride and stirred over- 
night at room temperature. Evaporation gave a residue which was dissolved in ethyl 
acetate and washed with 5% aqueous citric acid solution, 5% aqueous sodium 
20 hydrogen carbonate solution, saturated sodium chloride solution, and then dried over 
anhydrous magnesium sulphate and evaporated to give 0.332 g of (E)-2(R)-[1(S)- 
[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-2 , -[N- 
(methanesulfonyl)-D-alanyl]-4-methylvalerohydrazide in the form of a clear oil. 
MS: 609 (M+H)+ 

25 

Example 143 

(EV2 , -fTetrahvdro-3(RSVnjrovn-2(R)-fUS)-(hvdroxvcarbamovlV4-phenvl-3- 
butenvn-2 t -isobutvl-4-methvlvalerohvdrazide 

30 

In a manner analogous to that described in Example 1 1 but using tetrahydro- 
3(RS)-furoic acid in the place of N-acetyl-glycine there was obtained (E)-2'-(tetra- 
hydro-3(RS)-fu^oyl)-2(R)-[l(S)-(hyd^oxycarbamoyl)-4-phenyl-3-butenyl]-2 , - 
isobutyl-4-methylvalerohydrazide in the form of a white solid. 
35 MS: 474 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.46 minutes. 
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Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

Example 144 

5 

fE^'-f^mSl-AzetidinvncarW 

butenvll^'-isobutvl^-methvlvalerohvdrazide hydrochloride 

In a manner analogous to that described in Example 8 but using N- 
10 tert.butyloxycarbonyl-2(RS)-azetidinylcarboxylic acid in the place of N-tert.- 

butyloxycarbonyl-P-alanine there was obtained (E)-2 , -[(2(RS)-azetidinyl)carbonyl]- 
2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalero- 
hydrazide hydrochloride in the form of a white solid. 
MS:459(M+H)+. 

15 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.89 and 1 1.04 
minutes. Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

20 Example 145 

(E)-2 , -^L-Asparaginvn-2fR > l-[l(S)-(hydroxyca^bamovn-4-phenvl-3-buteny^1-2 , - 
isobund-4-methvlvalerohvdrazide hydrochloride 

25 In a manner analogous to that described in Example 8 but using (L)-N- 

tert.butyloxycarbonyl-asparagine in the place of N-tert.butyloxycarbonyl-(3-alanine 
there was obtained (E)-2'-(L-asparaginyl)-2(R)-(l(S)-(hydroxycarbamoyl)-4-phenyl- 
3-butenyl]-2 , -isobutyl-4-methylvalerohydrazide hydrochloride in the form of a white 
solid. 

30 MS: 490 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.22 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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rEV2 , -(D-a1pha-Aspartvl)■2fR)-^HS)-(hvdroxvcarbamoyIV4-phenvl-3-butenvl^2 , - 
isobutv y l-4-methvlvalerohvdrazide trifluoroacetate 



In a manner analogous to that described in example 131 but using N- 
tert.butyloxycarbonyl-L-aspartic acid p-tert.butyl ester in the place of N-tert.-butoxy 
carbonyl-L-aspartic acid cc-tert.butyl ester there was obtained (E)-2'-(D-alpha- 
aspartyl)-2(R)-[l(S)-(hydroxycarbamoy])-4-phenyl-3-butenyl]-2'-isobutyl-4- 
10 methylvalerohydrazide trifluoroacetate in the form of a white solid. 
MS: 491 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.58 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 



rRV2(R)-rifSV(Hvdroxvcarbamovn-4-phenvl-3-butenvll-2 , -(4(RS)-hvdroxwalervn- 
20 2 , -isobutvl'4-methylvalerohvdrazide 

A solution of0.150gof (E)-2(R)-(l(S)-[(tetrahydro-2(RS)-pyranyl- 
oxy)carbamoyl]-4-phenyl-3-butenyl]-2'-(4(RS)-hydroxy\^aleryl)-2 , -isobutyl-4- 
methylvalerohydrazide in 5 ml of methanol was treated with 0.015 g of p-toluene- 
25 sulphonic acid monohydrate. The mixture was stirred at room temperature for 

2 hours and evaporated. The residue was triturated with diethyl ether, filtered off and 
dried to give 0.027 g of (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 ? - 
(4(RS)-hydroxyvaleryl)-2 , -isobutyl-4-methylvalerohydrazide in the form of a white 
solid. 

30 MS:476(M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.61 and 
11.03 minutes. Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column 
type: HYPERPEP 300A. 



The (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2 , -(4(RS)-hydroxyvaleryl)-2'-isobutyl-4-methylvalerohydrazide used as the 
starting material was prepared as follows: 



5 



15 HYPERPEP 300A. 



Example 147 
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(i) A solution of 0.459 g of (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2'-isobutyl-4-methylvalerohydrazide in 5 ml of 
dimethylformamide was treated with 0.232 g of levulinic acid and 0.384 g of 1 -ethyl- 

5 3-(3-dimethylaminopropyl)carbodiimide hydrochloride. The mixture was stirred 
overnight at room temperature and evaporated. The residue in ethyl acetate was 
washed with 5% aqueous citric acid solution, 5% aqueous sodium hydrogen 
carbonate solution, saturated sodium chloride solution, and then dried over 
anhydrous magnesium sulphate and evaporated to give 0.570 g of (E)-2(R)-[ 1(S)- 

10 [(tetrahydro-2(RS)-pyranylox7)carbamoyl]-4-phenyl-3-butenyl]-2'-(4-oxovaleryl)- 
2'-isobutyl-4-methylvalerohydrazide in the form of a white foam. 
MS: 558 (M+H)+. 

(ii) A solution of0.160gof(E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
15 carbamoyl] -4-phenyl-3-butenyl]-2'-(4-oxovaleryl)-2'-isobutyl-4-methylvaIero- 

hydrazide in 10 ml of ethanol was treated with 0.012 g of sodium borohydride. The 
mixture was stirred for 48 hours and then diluted with ethyl acetate and washed with 
water and saturated sodium chloride solution. Drying over anhydrous magnesium 
sulfate and evaporation gave 0.150 g of (E)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyl- 
20 oxy)carbamoyl]-4-phenyl-3-butenyl]-2'-(4(RS)-hydroxyvaleryl)-2 , -isobutyl-4- 
methylvalerohydrazide in the form of a white foam. 
MS: 560 (M+H)+. 



(E)-2 , -f(Tetrahvdro-2H-pvran-2(RS > l-vIkarbonvll-2(R)4KS)-(hvdroxvcarbamovn- 
4-phenvI-3-butenvl1-2 , -isobutvl-4-methvlvalerohvdrazide 

In a manner analogous to that described in Example 11 but using tetrahydro- 
30 2H-pyran-2(RS)-yl carboxylic acid in the place of N-acetyl-glycine there was obtained 
(E)-2 , -[(tetrahydro-2H-pyran-2(RS)-yl)carbonyl]-2(R)-[l(S)-(hydroxycarbamoyl)-4- 
phenyl-3-butenyl]-2'-isobutyl-4-methylvalerohydrazide in the form of a white solid. 
MS: 488 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
35 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 1 1.80 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 148 
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Example 149 

rEV2 , 4(Tetrahvdro>2H-pvran-4-vl)carbonvl1-2fRVfl(S)-(hvdroxvcarbamovn-4- 
phenvl-3-butenvl1-2 t -isobutvI-4-methvlvalerohvdrazide 

5 

In a manner analogous to that described in Example 1 1 but using tetrahydro- 
2H-pyran-4-yl carboxylic acid in the place of N-acetyl-glycine there was obtained (E)- 
2 ! -[(tetrahydro-2H-pyran-4-yl)carbonyl]-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl- 
3-butenyl]-2'-isobutyl-4-methylvalerohydrazide in the form of a white solid. 
10 MS:488 (M+H) + 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.59 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

15 

Example 150 

fEV2fRV[lfSV(Hvdroxvcarbamovn-4-phenvl-3-butenvll-2 , 42-(2-imino>l- 
imidazolidinvl)acetvl1-2 , -isobutvl-4-methvlvalerohvdrazide hydrochloride 

20 

In a manner analogous to that described in Example 25 but using 2-(2-imino- 
l-imidazolidine)acetic acid chloride in the place of N-tert.butoxycarbonyl-L-leucine 
acid fluoride there was obtained (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-2'-[2-(2-imino-l-imidazolidinyl)acetyl]-2'-isobutyl-4-methylvalero- 
25 hydrazide hydrochloride in the form of a white solid. 
MS: 501 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 90% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.02 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
30 HYPERPEP 300A. 

Example 151 

(E)-2(R)-[l(SV(HvdroxvcarbamovlV4-phenvl-3-butenvl1>2 , -isobutvl-4-methvl-2'- 
35 fn-pvrazolidinvlkarbonyllvalerohvdrazide hydrochloride 



A solution of 0.267 g of (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranylox>-)- 
carbamoyl]-4-phenyl-3-butenyl]-2 ! -isobutyl-4-methyl-2'-[(2-tert.butyloxycarbonyl- 
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l-pyrazolidinyl)carbonyl]valerohydrazide was treated with 2 ml of 4M hydrogen 
chloride in dioxan and stirred for 2 hours at room temperature. The mixture was 
diluted with diethyl ether and the resulting solid was filtered off, washed with diethyl 
ether and dried to give 0.142 g of (E)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3- 
butenyl]-2'-isobutyl-4-methyl-2'-[(l-pyrazolidinyl)carbonyl]valerohydrazide 
hydrochloride in the form of a pale yellow solid. 
MS: 474 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.56 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The (E)-2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenyl-3- 
butenyl]-2'-isobutyl-4-methyl-2'-[(2-tert.butyloxycarbonyl-l-pyrazolidinyl)- 
carbonyl]valerohydrazide used as the starting material was prepared as follows: 

A solution of 0.241 g of 2-tert.butyloxycarbonyl-pyrazolidine in 5 ml of 
toluene was added slowly, at 0°C under nitrogen, to a solution of 0.725 ml of 
phosgene in 5 ml of toluene. The mixture was allowed to warm to room temperature 
over 2 hours and then a solution of 0.459 g of (E)-2(R)-[ l(S)-[(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methylvalerohydrazide in 
5ml toluene/dichloromethane (1:1) was added dropwise. The mixture was stirred for 
48 hours at room temperature and evaporated. The residue was dissolved in ethyl 
acetate and washed with 2N aqueous hydrogen chloride and water and then dried 
over anhydrous magnesium sulphate and evaporated. The residue was triturated with 
ether to give 0.267 g of (E)-2(R)-[ l(S)-((tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4- 
phenyl-3-butenyl]-2'-isobutyl-4-methyl-2 , -[(2-tert.butyloxycarbonyl-l-pyrazoli- 
dinyl)carbonyl]valerohydrazide in the form of a pale yellow solid. 
MS: 658 (M+H)+. 



fE)-2 , -[2fR)>(Benzvloxvlpropionvl1-2(RVfl(S)-(hvdroxvcarbamovlV4-phenvl-3- 
butenyl1-2 , -isobutvl-4-methvlvaIerohvdrazide 



Example 152 



In a manner analogous to that described in Example 11 but using 2(R)- 
(benzyloxy)propionic acid in the place of N-acetyl-glycine there was obtained (E)-2*- 
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[2(R)-(Benzyloxy)propionyl]-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyI-3-butenyl]- 
2 , -isobutyl-4-methylvalerohydrazide in the form of a pale yellow foam. 
MS: 538 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
5 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 13.23 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 153 

10 

(E)-2(R)>flfS)-(Hvdroxvcarbamovn-4-phenvl-3-butenvl1-2 , -isobutvl-2 , -r2fR)- 
methoxvpropionyl)-4-methylvaIerohvdrazide 



In a manner analogous to that described in Example 11 but using 2(R)- 
15 (methoxy)propionic acid in the place of N-acetyl-glycine there was obtained (E)- 

2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-2 , -(2(R)-methoxy- 
propionyl)-4-methylvalerohydrazide in the form of a white solid. 
MS: 462 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
20 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 1 1.29 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



Example 154 

25 

(EV2(R)-ft(S)-(Hvdroxvcarbamo^ 

f3-f3-pyridvl)propionvllvaIerohvdrazide p-toluenesulphonate 



In a manner analogous to that described in Example 11 but using 3-(3- 
30 pyridine)propionic acid in the place of N-acetyl-glycine there was obtained (E)-2(R)- 
[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4-methyl-2 , -[3-(3- 
pyridyl)propionyl]valerohydrazide p-toluenesulphonate in the form of a white solid. 
MS: 509 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
35 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.66 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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Example 155 



(E)'2 , -(5-Aminovalervn-2fR)-[lfS)-(hvdroxvcarbamov1)-4-phcnvl-3-butenvn-2 > - 
isobutvI-4-methvlvalerohvdrazide hydrochloride 



In a manner analogous to that described in Example 8 but using N-tert.- 
butyloxycarbonyl-5-aminovaleric acid in the place of N-tert.butyIoxycarbonyI-|3- 
alanine there was obtained (E)-2 , -(5-aminovaleryl)-2(R)-[l(S)-(hydroxycarbamoyl)- 
4-phenyl-3-butenyl]-2'-isobutyl-4-methyIvalerohydrazide hydrochloride.^ the form 
10 of a white solid. 
MS: 475 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.34 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
15 HYPERPEP 300A. 



(E)-2(RVrlfS)-(Hvdroxvcarbamovn-4-phenv^3-butenvll-2 , -isobutvl-4-methv^2 , - 
20 f4-(dimethylamino)butvrvl1valerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in Example 1 1 but using 4-(dimethyl- 
amino)butyric acid in the place of N-acetyl-glycine there was obtained (E)-2(R)- 
[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2 , -[4- 
25 (dimethylamino)butyryl] valerohydrazide p-toluenesulphonate in the form of an off- 
white solid. 
MS: 489 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.64 minutes. 
30 Solvent A: H2O/0. 1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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Example 157 

(E/Z)-2 , -K4-AminocvclohexvIkarbonvl1-2(R)-f l(SWhvdroxycarbamovlV4-phenvl- 
3-butenvll-2Msobutvl-4-methvlvalerohvdrazide hydrochloride 

5 

In a manner analogous to that described in Example 8 but using N-tert- 
butyloxycarbonyl-4-aminocyclohexanecarboxylic acid in the place of N-tert.butyloxy- 
carbonyl-P-alanine there was obtained (E/Z)-2'-[(4-aminocyclohexyl)carbonyl]-2(R)- 
[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2 , -isobutyl-4-methylvalerohydrazide 
10 hydrochloride in the form of an off-white solid. 
MS: 501 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.54 and 10.96 
minutes. Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
15 HYPERPEP 300A. 

Example 158 

(EV2(S)-Amino-3-[f2-r2(R)-fl(S)-fhvdroxvcarbamovn-4-phenvl-3-butenvll>4- 
20 methvlvalervll - 1 -isobutvlhvdrazinol carbonvll tert.butoxvpropionate h vdrogen 
chloride 

In a manner analogous to that described in example 8 but using N-tert.- 
butoxycarbonyl-L-aspartic acid a-tert.butyl ester in place of N-tert.-butoxycarbonyl- 
25 P-alanine there was obtained (E)-2(S)-amino-3-[ [2-[2(R)-[ l(S)-(hydroxycarbam- 
oyl)-4-phenyl-3-butenyl]-4-methylvaleryl]-l- 

isobutylhydrazino]carbonyl]tert.butoxypropionate hydrogen chloride in the form of a 

white solid. 

MS: 547 (M+H)+. 

30 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.27 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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Example 159 

2'-(D-Alanvn-2(RH2-benzamid^^ 
methvlvalervlhvdrazide 

5 

A solution of 0.123 g of 2 , -(N-benzyloxycarbonyl-D-alanyl)-2(R)-[2-benz- 
amido-l(R)-(benzyloxycarbarnoyl)ethyl]-2'-isobutyl-4-methylvalerylhydrazide in 
5 ml of methanol was hydrogenated in the presence of 0.037 g of 5% palladium-on- 
carbon for 12 hours. The catalyst was removed by filtration and the solvent was 
10 evaporated. The residue was triturated with diethyl ether to give 0.068 g of 2'-(D- 
alanyl)-2(R)-[2-benzamido-l(R)-(hydroxycarbamoyl)ethyl]-2'-isobutyl-4-methyl- 
valerylhydrazide in the form of a white solid. 
MS:464 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
15 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.05 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The2 , -(N-benzyloxycarbonyl-D-Alanyl)-2(R)-[2-benzamido-l(R)-(benzyloxy- 
20 carbamoyl)ethyl]-2'-isobutyl-4-methylvalerylhydrazide used as the starting material 
was prepared as follows: 

(i) A solution of 3.16 g of 2(R)»[2-benzamido-l(R)-(tert.butoxycarbonyl)ethyl]- 
4-methylvaleric acid in 50 ml of dichloromethane was cooled to 0°C and treated in 

25 succession with 2.22 ml of N-ethyl morpholine, 1.84 g of 1-hydroxybenzotriazole, 
2.08 g of l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride and 1.76 g 
of benzyloxycarbonyl hydrazine. The mixture was allowed to warm to room 
temperature and stirred overnight. The solvent was evaporated and the residue was 
dissolved in ethyl acetate and washed with 5% aqueous sodium hydrogen carbonate 

30 solution and saturated aqueous sodium chloride solution. Drying over anhydrous 
magnesium sulfate and evaporation gave a residue which was purified by flash 
chromatography on silica gel using rnethanol/dichloromethane £ (2:98) for the elution. 
There was obtained 1.55 g of 2(R)-[2-benzamido-l(R)-(tert.butox>'carbonyl)ethyl]- 
2 , -benzyloxycarbonyl~4-methylvalerylhydrazide in the form of a white foam. 

35 MS:512(M+H)+ 

(ii) A solution of 0.500 g of 2(R)-[2-benzamido-l(R)-(tert.butoxycarbonyl)ethyl]- 
2'-benzyloxycarbonyl-4-methylvalerylhydrazide in 6 ml of dimethylformamide was 
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treated, at room temperature under nitrogen, with 0.405 g of potassium carbonate 
and 0.135 g of bromo-2-methyl-prop-2-ene. The mixture was stirred overnight at 
room temperature and evaporated. The residue was dissolved in ethyl acetate and 
washed with water until neutral and then dried over anhydrous magnesium sulphate, 
5 filtered and evaporated to give 0.320 g of 2(R)-[2-benzamido-l(R)- 

(tert.butoxycarbonyl)ethyl]-2'-isobut-2-ene-4-methylvalerylhydrazide in the form of 
a white foam. 

(iii) A solution of 0.300 g of 2(R)-[2-benzamido-l(R)-(tert.butoxycarbonyl)ethyl]- 
10 2 , -isobut-2-ene-4-methylvalerylhydrazide in 6 ml of methanol was hydrogenated in 

the presence of 5% palladium-on-carbon for 3 hours. The catalyst was removed by 
filtration and the solvent was evaporated to give 0.230 g of 2(R)- [2-benzamido-l(R)- 
(tert.butoxycarbonyl)ethyl]-2'-isobutyl-4-methylvalerylhydrazide in the form of a 
white foam. 

15 

(iv) In an analogous manner to that described in Example 33, parts (ii)-(iv), 
starting from 2(R)-[2-benzamido-l(R)-(tert.butoxycarbonyl)ethyl]-2'-isobutyl-4- 
methylvalerylhydrazide there was obtained 2'-(N-benzyloxycarbonyl-D-Alanyl)-2(R)- 
[2-benzamido-l(R)-(benzyloxycarbamoyl)ethyl]-2'-isobutyl-4-methylvaleryl- 



25 2jRjbi KS)-fHvdroxvcarbamovl)-4-phenvlbutvll-2 , -f2-(l-imidazovnacetvl1-2'- 
isobutvl-4-methvlvalerohvdrazide p-toluenesulphonate 

A solution of 0.390 g of 2(R)- [ 1 (S)- [ (tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenylbutyl]-2'-[2-(l-imidazoyl)acetyl]-2 , -isobutyl-4-methylvalero- 

30 hydrazide in 5 ml of methanol was treated with 0.143 g of p-toluenesulphonic acid 
monohydrate. The mixture was stirred at room temperature for 1 hour and evapor- 
ated. The residue was triturated with diethyl ether, filtered and dried to give 0.320 g 
of 2(R)-[l(S)-(hydroxycarbamoyl)-4-phenylbutyl]-2 , -[2-(l-imidazoyl)acetyl]-2 , - 
isobutyl-4-methylvalerohydrazide p-toluenesulphonate in the form of a pale pink 

35 solid. 

MS: 486 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.79 minutes. 



20 hydrazide in the form of a white solid. 
MS: 688 (M+H)+. 
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Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



The 2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-phenylbutyl]- 
5 2 , -[2-(l-imidazoyl)acetyl]-2 , -isobutyl-4-methylvalerohydrazide used as the starting 
material was prepared as follows: 

(i) A solution of 1.0 g of (E)-2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methylvalerohydrazide in 20 ml of 

10 methanol was hydrogenated in the presence of 0.100 g of 5% palladium-on-carbon 
for 0.5 hours. The catalyst was removed by filtration and the solvent was evaporated 
to give 0.93 g of 2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4- 
phenylbutyl]-2'-isobutyl-4-methylvalerohydrazide in the form of a white solid. 
MS: 462 (M+H)+. 

15 

(ii) A solution of 0.415 g of 2-( l-imidazoyl)acetic acid hydrogen bromide and 
0.461 g of 2(R)-[l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4«phenylbutyl]-2'- 
isobutyl-4-methylvalerohydrazide in 5 ml of dimethylformamide was treated with 
0.230 g of N-ethylmorpholine and 0.422 g of l-ethyl-3-(3-dimethylaminopropyl)- 

20 carbodiimide hydrochloride and the mixture stirred overnight at room temperature. 
Evaporation gave a residue which was dissolved in ethyl acetate and washed with 
water and saturated aqueous sodium chloride solution. Drying over anhydrous 
magnesium sulphate, evaporation and trituration with diethyl ether followed by 
filtration and evaporation gave 0.340 g of 2(R)-[ l(S)-[(tetrahydro-2(RS)-pyranyl- 

25 oxy)carbamoyl]-4-phenylbutyl]-2 , -[2-(l-imidazoyl)acetyl]-2 , -isobutyl-4-methyl- 
valerohydrazide in the form of a white solid. 
MS: 567 (M+H)+ 



Example 161 

30 



2(R)-r4-CvclohexvM(S)-(hvdroxvcarbamovnbutvll-2 , -isobutvl-4-methvl-2 , -r2-(l- 
imidazovPacetvll v alerohydrazide p-toluenesulphonate 



A solution of 0.205 g of 2(R)-(4-Cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranyl- 
35 oxy)carbamoyl]butyl]-2 , -isobutyl-4-methyl-2'-[2-(l-imidazoyl)acetyl] valerohydra- 
zide in 5 ml of methanol was treated with 0.075 g of p-toluenesulphonic acid mono- 
hydrate. The mixture was stirred at room temperature for 6 hours and evaporated. 
The residue was purified by flash column chromatography on silica gel using 
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methanol/ dichloromethane (5:95) as the eluant to give 0.080 g of 2(R)-[4-cyclohexyl- 
l(S)-(hydroxycarbamoyl)buty^^ 

valerohydrazide p-toluenesulphonate in the form of a white solid. 
MS: 492 (M+H)+ 

5 HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.19 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

10 The2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]- 
butyl]-2'-isobutyl-4-methyl-2 , -[2-(l-imidazoyl)acetyl] valerohydrazide used as the 
starting material was prepared as follows: 

(i) A solution of 1.0 g of (E)-2(R)-( l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbam- 
15 oyl]-4-phenyl-3-butenyl]-2 , -isobutyl-4-methylvalerohydrazide in 30 ml of glacial 

acetic acid was hydrogenated in the presence of 0.300 g of platinum(II)oxide for 2 
hours. The catalyst was removed by filtration and the solvent was evaporated and 
trituration with hexane gave 0.94 g of 2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl] butyl] -2 Msobutyl-4-methylvalerohydrazide in the form of a 
20 white solid. 

MS: 468 (M+H)+. 

(ii) A solution of 0.429 g of 2-(l-imidazoyl)acetic acid hydrogen bromide and 
0.467 g of 2(R)-[4-Cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]- 

25 butyl] -2'-isobutyl-4-methylvalerohydrazide in 5 ml of dimethylformamide was 
treated with 0.230 g of N-ethylmorphoIine and 0.422 g of l-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide hydrochloride and the mixture stirred overnight 
at room temperature. Evaporation gave a residue which was dissolved in ethyl acetate 
and washed with water and saturated aqueous sodium chloride solution then dried 

30 over anhydrous magnesium sulfate and evaporated. Purification by flash column 
chromatography on silica gel using methanol/dichloromethane (5:95) as the eluant 
gave 0.213 g of 2(R)-[4-cyclohexyl-l(S)-((tetrahydro-2(RS)-pyranyloxy)carbamoyl]- 
butyl]-2 , -isobutyl-4-methyl-2'-[2-(l-imidazoyl)acetyl] valerohydrazide in the form of 
a white foam. 

35 MS:576 (M+H)+. 
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2(RM4-Cyclohexvl-USMhvdm 
pyridvDacetvllvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in Example 161 but using pyridine-3- 
acetic acid in the place of 2-(l-irnidazoyl)acetic acid hydrogen bromide there was 
obtained 2(R)-[4-cyclohexyl-l(S)-(hydroxycarbamoyl)butyl]-2'-isobutyl-4-methyl- 
2'-[2-(3-pyridyl)acetyl]valerohydrazide p-toluenesulphonate in the form of a white 
solid. 



MS: 503 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 11.90 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



2 , -f4-Aminobutvrvl)-f2(RVf4-cvcIohexyl-KRS)-(hvdroxvcarbamovnbutvll-2 , - 
isobutvl-4-methylvalerohvdrazide hydrochloride 

A solution of 0.450 g of 2 , -(N-benzyloxycarbonyl-4-aminobutyryl)-[2(R)-[4- 
cyclohexyl-l(RS)-(hydroxycarbamoyl)butyl]-2'-isobutyl-4-methylvalerohydrazide in 
10 ml of methanol was hydrogenated in the presence of 0.040 g of 5% palladium-on- 
carbon for 1 hour. Filtration and evaporation gave a residue which was triturated 
with a 1M solution of hydrogen chloride in diethyl ether. Filtration gave 0.142 g of 2'- 
(4-aminobutyryl)-[2(R)-[4-cyclohexyl-l(RS)-(hydrox7carbamoyl)butyl]-2'-isobut>'l- 
4-methylvalerohydrazide hydrochloride in the form of pale pink solid. 
MS: 469 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.94 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The 2 , -(N-benzyloxycarbonyl-4-aminobutyryl)-[2(R)-[4-cyclohexyl-l(RS)- 
(hydroxycarbamoyl)butyl]-2 , -isobutyl-4-methylvalerohydrazide used as the starting 
material was prepared as follows: 



Example 163 
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(i) In a manner analogous to that described in Example 161, part (ii), but using 
(N-benzyloxycarbonyl)-4-aminobutyric acid in the place of 2-(l-imidazoyl)acetic 
acid hydrogen bromide there was obtained 2 f -[ (N-benzyloxycarbonyl)-4-amino- 
butyryl]-2(R)-[4-cyclohexyl-l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]butyl)- 

5 2'-isobutyl-4-methyl-valerohydrazide in the form of a clear glass. 
MS: 687 (M+H)+. 

(ii) A solution of 0.400 g of 2'-[ (N-benzyloxycarbonyl)-4-aminobutyryl]-2(R)-[4- 
cyclohex)i-l(S)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]butyl]-2'-isobutyl-4- 

10 methylvalerohydrazide in 10 ml of methanol was treated with 0.123 g of p-toluene- 
sulphonic acid monohydrate for 1.5 hours. Evaporation gave 0.450 g of 2'-(N- 
benzyloxycarbonyl-4-aminobutyryl)-[2(R)-[4-cyclohexyl-l(RS)- 
(hydrox> r carbamoyl)butyl]-2'-isobutyl-4-methylvalerohydrazide in the form of a 
white foam. 

15 

Example 164 

2(R)-f4-Cvclohexvl-URS)-(hvd^ 

methyl-4-piperidinyl)acetyllvalerohydrazide p-toluenesulphonate 

20 

In a manner analogous to that described in Example 161 but using 2-(l- 
methyl-4-piperidinyl)acetic acid in the place of 2-(l-imidazoyl)acetic acid hydrogen 
bromide there was obtained 2(R)-[4-cyclohexyl-l(RS)-(hydroxycarbamoyl)butyl]-2'- 
isobutyl*4-methyl-2 r -[2-(l-methyl-4-piperidinyl)acetyl]valerohydrazide p-toluene- 
25 sulphonate in the form of a white solid. 
MS: 523 (M+H)+ 

Example 165 

30 2'-(D-Alanvl)-2(RVr5-cvclohe^ 

methylvalerohydrazide p-toluenesulphonate 

A solution of 0.210 g of 2'-(D-alanyl)-2(R)-[5-cyclohexyl-l(RS)-[(tetrahydro- 
2(RS)-pyranyloxy)carbamoyl]pentyl]-2'-isobutyl-4-methylvalerohydrazide in 5 ml of 
35 methanol was treated with 0.080 g of p-toluenesulphonic acid monohydrate. The 

mixture was stirred at room temperature for 6 hours and evaporated. The residue was 
triturated with diethyl ether to give 0.151 g of 2'-(D-alanyl)-2(Rj-[5-cyclohexyl- 
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l(RS)-(hydroxycarbamoyl)pentyl]-2'-isobutyl-4-methylvalerohydrazide p-toluene- 
sulphonate in the form of a white solid. 
MS: 469 (M+H) + . 

5 The2'-(D-alanyl)-2(R)-[5-cyclohexyl-l(RS)-[(tetrahydro-2(RS)- 

pyranyloxy)carbamoyl]pentyl]-2'-isobutyl-4-methylvalerohydrazide used as the 
starting material was prepared as follows: 

(i) A solution of 7.54 g of (E)-4-cyclohexyl-2-butenol in 200 ml of diethyl ether 
10 was treated with 9.99 g of acetic anhydride and 7.42 g of triethylamine and stirred 

overnight at room temperature. The mixture was then treated with 0.005 g of 4- 
dimethylaminopyridine and stirred for a further 0.5 hours. The mixture was washed 
with 5% aqueous sodium hydrogen carbonate, water and brine, then dried over 
anhydrous magnesium sulphate and evaporated. The residue was dried under 
15 vacuum to give 9.50 g of (E)-4-cyclohexyl-2-butenol acetate in the form of a pale 
yellow oil. 

(ii) A solution of 22.2 g of 1,2-dibenzyl l-tert-butyl-4-methyl-l(RS),l,2(R)- 
pentanetricarboxylate in 200 ml of dry tetrahydrofuran was treated with 2.35 g of 60% 

20 sodium hydride at room temperature under a nitrogen atmosphere. The mixture was 
stirred until the evolution of hydrogen had ceased and then treated with a solution of 
9.50 g of (E)-4-cyclohexyl-2-butenol acetate and 2.8 g of tetrakis(triphenylphos- 
phine)-palladium(O) in 50 ml of dry tetrahydrofuran. The mixture was stirred 
overnight at room temperature and evaporated. The residue was partitioned between 

25 ethyl acetate and water and the ethyl acetate layer was washed further with water and a 
saturated aqueous sodium chloride solution. Drying over anhydrous magnesium 
sulphate and evaporation gave a residue which was purified by column chroma- 
tography on silica gel using ethyl acetate/hexane (1:9) for the elution to give 14.27 g of 
(E)- 1,2-dibenzyl l-tert-butyl-l-(4-cyclohexyl-2-butenyl)-4-methyl-l(RS),l,2(R)- 

30 pentanetricarboxylate in the form of a clear oil. 
MS: 535 (M-t.Bu+H)+. 



(iii) A solution of 14.27 g of (E)-l,2-dibenzyl l-tert-butyl-l-(4-cyclohexyl-2- 
butenyl)-4-methyl-l(RS),l,2(R)-pentanetricarboxylate in 200 ml of iso-propyl 
35 alcohol was hydrogenated in the presence of 1.4 g of 10% palladium-on-carbon for 
1.5 hours. The catalyst was removed by filtration and the solvent was evaporated. 
The residue was dissolved in 200 ml of toluene and heated at reflux for 3 hours in the 
presence of 2.44 g of triethylamine. After allowing the mixture to cool to room 
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temperature overnight it was washed with 2M aqueous hydrogen chloride, water and 
saturated aqueous sodium chloride. Drying over anhydrous magnesium sulphate and 
evaporation gave 8.18 g of 2(R)-isobutyl-4-tert-butyl-3-[(RS)-(4-cyclohexylbutyl)]- 
succinate in the form of a clear oil. 

5 

(iv) A solution of 3.0 g of 2(R)-isobutyl-4-tert-butyl-3-[(RS)-(4-cyclohexyl- 
butyl)]succinate in 50 ml of dichloromethane was cooled to 0°C and treated in 
succession with 3.85 g of N-ethyl morpholine, 1.49 g of 1-hydroxybenzotriazole, 4.89 
g of isobutylhydrazine ditosylate and 1.88 g of l-ethyl-3-(3-dimethylaminopropyl- 

10 carbodiimide hydrochloride. The solution was left to warm to room temperature and 
was stirred overnight. The solvent was evaporated and the residue was partitioned 
between ethyl acetate and 5% aqueous sodium hydrogen carbonate solution. The 
ethyl acetate layer was washed in succession with water, 5% citric acid solution, water 
and saturated sodium chloride solution, dried over anhydrous magnesium sulfate and 

15 evaporated. The residue was purified by flash column chromatography on silica gel 
using hexane/ethyl acetate (5:1) for the elution. There was obtained 1.0 g of 2(R)-[5- 
cyclohexyl-l(RS)-(tert.butoxycarbonyl)pentyl] -2'-isobutyl-4-methylvalerohydrazide 
in the form of a clear oil. 
MS:439 (M+H)+. 

20 

(v) In an analogous manner to that described in Example 33, parts (ii)-(iii), but 
using 2(R)-[5-cyclohexyl-l(RS)-(tert.butoxycarbonyl)pentyl] -2'-isobutyl-4-methyl- 
valerohydrazide in the place of 2(R)-[1 (RS)-(tert.butoxycarbonyl)-4phenylbutyl]-2 l - 
isobutyl-4-methylvalerohydrazide there was obtained 2 , -(N-benzyloxycarbonyl-D- 

25 alanyl)-2(R)-[5-cyclohexyl-l(RS)-(carboxy)pentyl]-2'-isobutyl-4-methylvalero- 
hydrazide in the form of a clear glass. 
MS: 676(M+H)+. 



(vi) In an analogous manner to that described in Example 1, part (vi), and 
30 Example 6, part (ii), starting from 2'-(N-benzyloxycarbonyl-D-alanyl)-2(R)-[5- 
cyclohexyl-l(RS)-(carboxy)pentyl]-2'-isobutyl-4-methylvalerohydrazide there was 
obtained 2 , -(D-Alanyl)-2(R)-[5-cyclohexyl-l(RS)-[(tetrahydro-2(RS)-pyranyloxy)- 
carbamoyl]pentyl]-2'-isobutyl-4-methylvalerohydrazide in the form of a white solid. 
MS: 553 (M+H)+. 
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2'>(D'Alanvn'2(RV[lfRSV(hvdroxvcarbamovl)>5-phenvIpentvll-2'-isobutyl>4- 
methvlvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in Example 165 but using (E)-4- 
phenyl-2-butenol in the place of (E)-4-cyclohexyl-2-butenol there was obtained 2'- 
(D-alanyl)-2(R)-[l(RS)-(hydroxycarbamoyl)-5-phenylpentyl]-2'-isobutyl-4- 
methylvalerohydrazide p-toluenesulphonate in the form of a white solid. 
MS: 463 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 1 1.09 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 



2(R)-f4-cvclopentvl-l(S)-(hvdroxvcarbamovnbutvn-2 , -isobutvU2 , 42- 
(imidazoyIWetvI1-4-methvlvalerohvdrazide 

A solution of 0.130 g of 2(R)-[l(S)-(N-benzyloxycarbamoyl)-4-cyclopentyl- 
butyl]-2'-isobutyl-2 , -[2-(imidazoyl)acetyl]-4-methylvalerohydrazide in 3 ml of 
methanol was hydrogenated in the presence of 0.040 g of 5% palladium-on-carbon 
for 4 hours. Filtration and evaporation gave a residue which was triturated with 
diethyl ether. Filtration gave 0.083 g of 2(R)-[4-cyclopentyl-l(S)- 
(hydroxycarbamoyl)butyl]-2 , -isobutyl-2 , -[2-(imidazoyl)acetyl]-4- 
methylvalerohydrazide in the form of a white solid. 
MS: 478 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 1 1.64 minutes. 
Solvent A: H2O/0.196 TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The2(R)-[l(S)-(N-benzyloxycarbamoyl)-4-cyclopentyl-butyl]-2 , -isobutyl-2 , - 
[2-(imidazoyl)acetyl]-4-methylvalerohydrazide used as the starting material was 
prepared as follows: 



Example 167 



o 



o 



WO 00/00465 



PCT/EP99/04223 



(i) A solution of 30 g of (E)-2(R)-[ l(S)-(tert-butoxycarbonyl)-4-phenyl-3- 
butenyl]-4-methylvaIeric acid in 400 ml of ethyl acetate was treated with 9.63 g of 
triethylamine and 16.31 g of benzyl bromide and then heated at reflux for 4 hours. 
On cooling the mixture to room temperature filtration and evaporation of the filtrate 
5 gave a residue which was purified by column chromatography on silica gel, using ethyl 
acetate/hexane (1:9) for the elution, to give 15.8 g of (E)-benzyl-2(R)-[l(S)-(tert- 
butoxycarbonyl)-4-phenyl-3-butenyl]-4-methylvalerate in the form of a clear oil. 
MS: 381 (M-tBu+H)+. 

10 (ii) A solution of 15.8 g of (E)-benzyl-2(R)-[l(S)-(tert-butoxycarbonyl)-4-phenyl- 
3-butenyl]-4-methylvalerate in 150 ml of dichloromethane was cooled to -78°C and 
ozone was bubbled into the mixture until a blue colour persisted. The mixture was 
treated with 20 ml of dimethyl sulfide and stirred overnight at room temperature. 
Evaporation gave a residue which was purified by column chromatography on silica 

15 gel, using ethyl acetate/hexane (1:9 to 1:4) for the elution, to give 8.8 g of (E)-benzyl- 
2(R)-[l(S)-(tert-butoxycarbonyl)-propan-3-al]-4-methylvalerate in the form of a 
yellow oil. 

MS: 307 (M-tBu+H)+. 

20 (iii) A suspension of 5.65 g of cyclopentylmethyl triphenylphosphonium iodide in 
200 ml of toluene was treated with 1.34 g of potassium t-butoxide and the mixture 
was stirred at room temperature for 4 hours. A solution of 2.9 g of (E)-benzyl-2(R)- 
[l(S)-(tert-butoxycarbonyl)-propan-3-al]-4-methylvalerate in 10 ml of toluene was 
then added dropwise to the mixture over 5 minutes. The mixture was stirred for a 

25 further 48 hours at room temperature and evaporated. The residue was stirred in 100 
ml of hexane for 20 minutes and then filtered and evaporated. The residue was 
purified by column chromatography on silica gel, using hexane/ethyl acetate (6:1) for 
the elution, to give 0.800 g of (E),(Z)-benzyl-2(R)-[4-cyclopentyl-l(S)-(tert-butoxy- 
carbonyl)-3-butenyl]-4-methylvalerate in the form of a colourless oil. 

30 MS:429(M+H)+ 

(iv) A solution of 0.800 g of (E),(Z)-benzyl-2(R)-[4-cyclopentyl-l(S)-(tert- 
butoxycarbonyl)-3-butenyl]-4-methylvalerate in 25 ml of isopropyl alcohol was 
hydrogenated in the presence of 0.100 g of 10% palladium-on-carbon. The mixture 
35 was filtered and evaporated to give 0.570 g of 2(R)-[4-cyclopentyl-l(S)-(tert- 
butoxycarbonyl)-butyl]-4-methylvaleric acid in the form of a clear oil. 
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(v) In a manner analogous to that described in Example 165, part (iv), but using 
2(R)-[4-cyclopentyl-l(S)-(tert-butoxycarbonyl)-butyl]-4-methylvaleric acid in the 
place of 2(R)-isobutyl-4-tert-butyl-3-[(RS)-(4-cyclohexylbutyl)]succinate there was 
obtained 2(R)-[4-cyclopentyl-l(S)-(tert-butoxycarbonyl)-butyl]-2 , -isobutyl-4- 

5 methylvalerohydrazide in the form of a pale yellow oil. 

(vi) A solution of 0.510 g of 2(R)-[4-cycIopentyl-l(S)-(tert-butoxycarbonyI)- 
butyl] -2'-isobutyl-4-methylvalerohydrazide in 10 ml of dimethylformamide was 
treated in sequence with 0.308 g of 2-( l-imidazoyl)acetic acid hydrogen bromide, 

10 0.172 g of N-ethylmorpholine and 0.286 g of l-ethyl-3-(3-dimethylaminopropyl)- 
carbodiimide hydrochloride and then stirred overnight at room temperature. The 
mixture was diluted with diethyl ether and washed with water and saturated aqueous 
sodium chloride solution. Drying over anhydrous magnesium sulphate and evapor- 
ation gave a residue which was purified by column chromatography on silica gel, 

15 using ethyl acetate/hexane (1:3) and then dichloromethane/methanol (3:1) for the 
elution, to give 0.255 g of 2(R)-[4-cyclopentyl-l(S)-(tert-butoxycarbonyl)-butyl]-2'- 
isobutyl-2 , -[2-(l-imidazoyl)acetyl]-4-methylvalerohydrazide in the form of a yellow 



20 (vii) In a manner analogous to that described in Example 33, parts (iii)-(iv), but 
using 2(R)-[4-cyclopentyl-l(S)-(tert-butoxycarbonyl)-butyl] -2 , ~isobutyl-2 , -[2-( 1- 
imidazoyl)acetyl]-4-methylvalerohydrazide in the place of 2'-(N-benzyloxycarbonyl- 
D-alanyl)-2(R)-[l(RS)-(tert.butoxycarbonyl)-4-phenylbutyl]-2'-isobutyl-4-methyl- 
valerohydrazide there was obtained 2(R)-[ l(S)-(N-benzyloxycarbamoyl)-4-cyclo- 

25 pentyl-butyl]-2 , -isobutyl-2'-[2-(imidazoyl)acetyl]-4-methylvalerohydrazide in the 
form of a clear glass. 



2(R)"[lfS)-fhvdroxvcarbamovl)-5-methvl-hexvl]-2 t -isobutvI-2 , -f2'(imidazovI)- 
acetvll-4-methylvalerohvdrazide 

In a manner analogous to that described in Example 167 but using isobutyl- 
35 methyl triphenylphosphonium bromide in the place of cyclopentylmethyl triphenyl- 
phosphonium iodide there was obtained 2(R)-[ l(S)-(hydroxycarbamoyl)-5-methyl- 
hexyl]-2'-isobutyl-2'-[2-(imidazoyl)acetyl]-4-methylvalerohydrazide in the form of a 
white solid. 



oil. 



MS: 568 (M +H)+ 



Example 168 



30 
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MS: 452 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.41 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
5 HYPERPEP 300A. 

Example 169 

(El-2fRVf IfSMHvdroxycarbamoylM-phen^ 
10 [2-f l-hexamethvleneimino)acetvllvalerohvdrazide p-toluenesulphonate 

In a manner analogous to that described in Example 37 but using 2-(l-hexa- 
methyleneimino)acetic acid hydrogen bromide in the place of 2-(l-pyrrolidinyl)acetic 
acid hydrogen bromide there was obtained (E)-2(R)-[ l(S)-(Hydroxycarbamoyl)-4- 
15 phenyl-3-butenyl]-2 , -isobutyl-4-methyl-2'-[2-(l-hexamethyleneimino)acetyl]valero- 
hydrazide p-toluenesulphonate in the form of a white solid. 
MS: 515 (M+H)+. 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 12.47 minutes. 
20 Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPBDSC18. 

Example 170 

25 (E)-2 , -fD-alanvn-2(R)-[l(RSV(Hvdroxvcarbamovl)>4-f2-thienvn-3>butenvll-2 < - 
isobutvl-4-methvIvalerohvdrazide 

A solution of 0.180 g of (E)-2'-(D-alanyl)-2(R)-[l(RS)-[(tetrahydro-2(RS)- 
pyranyloxy)carbamoyl]-4-(2-thienyl)-3-butenyl]-2'-isobutyl-4-methylvalero- 

30 hydrazide in 5 ml of methanol was treated with 0.077 g of p-toluenesulphonic acid 
monohydrate. The mixture was stirred at room temperature for 2 hours and 
evaporated. The residue was purified by column chromatography on silica gel, using 
dichloromethane/methanol (95:5) for the elution, to give 0.056 g of (E)-2 f -(D- 
alanyl)-2(R)-[l(RS)-(hydroxycarbamoyl)-4-(2-thienyl)-3-butenyl]-2'-isobutyl-4- 

35 methylvalerohydrazide in the form of an off-white solid. 
MS: 453 (M+H) + 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.32 minutes. 
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Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The(E)-2 , -(D-alanyl)-2(R)-[l(RS)-[(tetrahydro-2(RS)-pyranyloxy)carbam- 
5 oyl]-4-(2-thienyl)-3-butenyl]-2 , -isobutyl-4-methylvalerohydrazide used as the 
starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 165, parts (i)-(ii), but 
using (E)-3-(2-thienyl)-2-propenol in the place of (E)-4-cyclohexyl-2-butenol there 

10 was obtained (E)- 1,2-dibenzyl l-tert-butyl-l-(3-(2-thienyl)-2-propenyl)-4-methyl- 
l(RS),l,2(R)-pentanetricarboxylate in the form of a pale yellow oil. 
MS: 521 (M-tBu+H)+ 

(ii) A solution of 7.22 g of (E)-l,2-dibenzyl-l-tert-butyl-l-(3-(2-thienyl)-2- 
15 propenyl)-4-methyl-l(RS),l,2(R)-pentanetricarboxylate in 35 ml of ethanol was 

treated with 32 ml of 4M aqueous sodium hydroxide and heated at reflux overnight- 
On cooling to room temperature the ethanol was evaporated and the residue was 
diluted with water and acidified with 4M aqueous hydrogen chloride. This was 
washed with ether and the combined organic layers were then washed with water and 

20 saturated aqueous sodium chloride. Drying over anhydrous magnesium sulfate and 
evaporation gave a residue which was dissolved in 50 ml toluene and treated with 1.26 
g of triethylamine. The mixture was heated at reflux for 3 hours and then cooled to 
room temperature and washed with 2M aqueous hydrogen chloride, water, and 
saturated aqueous sodium chloride. Drying over anyhdrous magnesium sulfate and 

25 evaporation gave a residue which was purified by column chromatography on silica 
gel, using ethyl acetate/hexane (1:5) for the elution, to give 2.15 g of 2(R)-isobutyl-4- 
tert-butyl-3-[(RS)-(3-(2-thienyl)-2-propenyl)]succinate in the form of a yellow oil. 

(iii) In an analogous manner to that described in Example 165, part (iv), but using 
30 2(R)-isobutyl-4-tert-butyl-3-[(RS)-(3-(2-thienyl)-2>propenyl)]succinate in the place 

of 2(R)-isobutyl-4-tert-butyl-3-[(RS)-(4-cyclohexylbutyl)]succinate there was 
obtained (E)- 2(R)-[ l(RS)-[(tert.butyloxy)carbonyl]-4-(2-thienyl).3-butenyl]-2'- 
isobutyl-4-methylvaIerohydrazide in the form of a pale yellow oil. 
MS: 423 (M+H)+ 

35 

(iv) In an analogous manner to that described in Example 18, part (i), but using 
N-(9-fluorenylmethyloxycarbonyl)-D-alanine acid fluoride in the place of using N- 
(9-fluorenylmethyloxycarbonyl)-0-tert.butyl-D-serine acid fluoride there was 
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obtained (E)- 2(RHl(RS)-[(tert.butyloxy)^^ 

isobut) f l-2'-[N-(9-fluorenylmethyloxycarbonyl)-D-alanyl]-4-methylvalerohydrazide 
in the form of a white foam. 
MS: 716 (M+H) + . 

5 

(v) A solution of 1.04 g of (E)- 2(R)-[l(RS)-[(tert.butyloxy)carbonyl]-4-(2- 
thienyl)-3-butenyl]-2 , -isobutyl-2'-[N-(9-fluorenylmethyloxycarbonyl)-D-alanyl]-4- 
methylvalerohydrazide in 50 ml of dichloromethane was treated with 1.0 ml of a 33% 
solution of hydrogen bromide in acetic acid at -15°C The mixture was stirred at this 

10 temperature for 1.5 hours and then washed with water and dried over anhydrous 

magnesium sulfate. Evaporation was followed by addition of hexane and filtration of 
the resulting precipitate. The precipitate was dried to give 0.665 g of (E)-2(R)-[ 1 (RS)- 
(carboxy)]-4-(2-thienyl)-3-butenyl]-2'-isobutyl-2 , -[N-(9-fluorenylmethyloxy- 
carbonyl)-D-alanyl]-4-methylvalerohydrazide in the form of a light brown solid. 

15 MS: 660 (M+ H)+ 

(vi) In an analogous manner to that described in Example 18, parts (iii)-(iv), but 
using (E)-2(R)-[1(RS)- (carboxy)]-4-(2-thienyl)-3-butenyl]-2 , -isobutyl-2'-[N-(9- 
fluorenylmethyloxycarbonyl)-D-alanyl]-4-methylvalerohydrazide in the place of (E)- 

20 2(R)-[1(S)- (carboxy)]-4-phenyl-3-butenyl]-2 , -isobutyl-2'-[N-(9-fluorenylmethyl- 
oxycarbonyl)-D-seryl]-4-methylvalerohydrazide there was obtained (E)-2'-(D- 
alanyl)-2(R)-[l(RS)-[(tetrahydro-2(RS)-pyranyloxy)carbamoyl]-4-(2-thienyl)-3- 
butenyl]-2 , -isobutyl-4-methylvalerohydrazide in the form of a yellow oil. 
MS: 537 (M+H)+. 

25 

Example 171 

2^(2-EthvlbutvlV2(R)4USVfhvdroxvcarbamovn-4-phenvlbut^ll-4-methvl--2 , -[2> 
( 1H- 1 ,2,3-triazol- 1 -vl^acetvll valerohvdrazide 

30 

In a manner analogous to that described in Example 103 starting from 0.315 g 
of (E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-2'-(2-ethylbutyl)-4- 
methyl-2'-[2-(lH-l > 2,3-triazol-l-yl)acetyl]valerohydrazide there was obtained 0.198 g 
of2'-(2-ethylbutyl)-2(R)-[l(S)^ 
35 (lH-l,2,3-triazol-l-yl)acetyl]valerohydrazide in the form of a white solid. 
MS:515(M+H)\ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 12.358 minutes. 
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Solvent A: H 2 O/0.1% TFA; Solvent B: CH 3 CN/0.085%. Column type: HYPERPEP 
300A. 

The (E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3-butenyl-2 , -(2-ethyl- 
5 butyl)-4-methyl-2 , -[2-(lH-l > 2,3-triazol-l-yl)acetyl]valerohydrazide used as the 
starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 1, parts (iv)-(vii) starting 
from (E)-2(R)-[l(S)-(tert-butoxycarbonyl)-4-phenyI-3-butenyl]-2'-(2-ethylbutyl)-4- 
10 methylvalerohydrazide and using O-benzylhydroxylamine in part (vi) there was 
obtained (E)-2(R)-[l(S)-(benzyIoxycarbamoyl)-4-phenyl-3-butenyl]-2*-(2-ethyl- 
butyl)-4-methylvalerohydrazide in the form of a white solid. 
MS: 494 (M+H) + . 



15 (ii) In a manner analogous to that described in Example 8 from (E)-2(R)-[1(S)- 
(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-2'-(2-ethylbutyl)-4-methylvalero- 
hydrazide and using 1,2,3-triazole-l-acetic acid in place of N-tert-butoxycarbonyl-(3- 
alanine there was obtained (E)-2(R)-[ l(S)-(benzyIoxycarbamoyl)-4-phenyl-3- 
butenyl]-2'-(2-ethylbutyl)-4-me^ 

20 hydrazide in the form of a gum. 

Example 172 

2 , -(2-Ethvlbun4)-2(RMl(SWh^ 
25 ( 1 H- 1 ,2,4-triazol- 1 -yPacetyll valerohvdrazide 

In a manner analogous to that described in Example 103 starting from 0.205 g 
of (E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4"phenyl-3-butenyl]- 2 , -(2-ethylbutyl)-4- 
methyl-2'-[2-(lH-l ) 2,4-triazol-l-yl)acetyl]valerohydrazide there was obtained 0.10 a 
30 of2'-(2-ethylbutyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenylbutyl]-4-methyl-2'-[2- 
(lH-l,2,4-triazol-l-yl)acet)'l]valerohydrazide in the form of a white solid. 
MS:515(M+H) + . 

HLPC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 1 1.918 minutes. 
35 Solvent A: H 2 O/0.1%TFA; Solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 
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fss: 

The (E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-2 , -(2-ethyl- 
butyl)-4<methyl-2 , -[2«(lH-l,2,4-triazol-l-yl)acetyl]valerohydrazide used as the 
starting material was prepared as follows: 

5 In a manner analogous to that described in Example 8 from (E)-2(R)-[1(S)- 

(benzyloxycarbamoyl)-4-phenyl-3-butenyl]«2'-(2-ethylbutyl)-4-methylvalero- 
hydrazide and using 1,2,4-triazole-l-acetic acid in place of N-tert-butoxycarbonyl-P- 
alanine there was obtained (E)-2(R)-[ l(S)-(benzyloxycarbamoyl)-4-phenyl«3- 
butenyl]-2 , -(2-ethylbutyl)-4-methyl-2 , -[2-(lH-l,2,4-triazol-l-yl)acetyl]valero- 

10 hydrazide. 

Example 173 

2 , -(2-EthvlbuM)-2(RVfl(SV(hvdroxycarbamovn-4-phenvlbuMl-2 , >[2-(lH- 
15 imidazol-l-ynacetyll-4-methylvalerohvdrazide 

In a manner analogous to that described in Example 103 starting from 0.293 g 
of (E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-2 , -(2-ethylbutyl)-2 , - 
[2-(lH-imidazol-l-yl)acetyl]-4-methylvalerohydrazide there was obtained 0.187 g of 
20 2 , -(2-ethylbutyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenylbutyl]-2 , -[2-(lH- 
imidazol-l-yl)acetyl]-4-methylvalerohydrazide in the form of a white solid. 
MS: 514 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 11.838minutes. 
25 Solvent A: H 2 O/0.1% TFA; Solvent B: CH 3 CN/0.085% TFA. Column type: 
HYPERPEP 300A. 

The(E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-2'-(2- 
ethylbutyl)-2'-[2-(lH-imidazol-l-yl)acetyl]-4>methylvalerohydrazide used as the 
30 starting material was prepared as follows: 

In a manner analogous to that described in Example 8 from (E)-2(R)-[1(S)- 
(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-2'-(2-ethylbutyl)-4-methyIvalero- 
hydrazide and using imidazole- 1 -acetic acid in place of N-tert-butoxycarbonyl-P- 
35 alanine there was obtained (E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3- 

butenyl]-2 , -(2-ethylbutyl)-2 , -[2-(lH-imidazol-l-yl)acetyl]-4-methylvalerohydrazide 
in the form of a gum. 
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Example 174 



2 t -(4-AminobunTvl-2'-f2-eth^ 
4-methvlvalerohvdrazide 



In a manner analogous to that described in Example 103 starting from 0.27 g 
of (E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-2'-(4>benzyloxy- 
carbonylaminobutyryl)-2'-(2-ethylbutyl)-4-methylvalerohydrazide there was obtained 
0.101 gof 2 , -(4-aminobutyryl-2 , -(2-ethylbutyl-2(R)-[l(S)-hydrox>'carbamoyl)-4- 
10 phenylbutyl-4-methylvalerohydrazide in the form of a white solid. 
MS: 491 (M+H) + . 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml/minute. Retention time: 11.002 minutes. 
Solvent A: H 2 O/0.1% TFA; Solvent B: CH 3 CN/0.085% TFA. Column type: 
15 HYPERPEP 300A. 

The (E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-2 , -(4- 
benzyloxycarbonylaminobutyryl)-2'-(2-ethylbutyl)-4-methylvalerohydrazide used as 
the starting material was prepared as follows: 



In a manner analogous to that described in Example 8 from (E)-2(R)-[1(S)- 
(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-2 , -(2-ethylbutyl)-4-methylvalero- 
hydrazide and using 4-benzyloxycarbonylaminobutyric acid in place of N-tert- 
butoxycarbonyl-p-alanine there was obtained (E)-2(R)-[l(S)-(benzyloxycarbamoyl)- 
25 4-phenyl-3-butenyl]-2'-(4-benzyloxycarbonylaminobutyryl)-2'-(2-ethylbutyl)-4- 
methylvalerohydrazide in the form of a gum. 



30 2(R)-fl(S)-(hvdroxvcarbamovn-4-phenvlbuM1-4-methvl-2'-(2(S)-methvlbun-n-2'- 
r2-(lH-L23'triazoM-vI)-acetvI1valerohvdrazide 

In a manner analogous to that described in Example 103 starting from 0.24 g 
of (E)-2(R)-[l(S)-(benzyloxycarbamoyI)-4-phenyl-3-butenyl]-4-methyl-2 , -(2(S)- 
35 methylbutyl)-2 , -[2-(lH-l,2,3-triazol-l-yl)acetyl]valerohydrazide there was obtained 
0.121 g of 2(R)-[l(S)-(hydroxycarbamoyl)-4-phenylbutyl]«4-methyl-2 , -(2(S)- 
methylbutyl)-2'-[2-(lH-l,23-triazol-l-yl)acetyl]valerohydrazide in the form of a 
white solid. 



5 



20 



Example 175 
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MS: 501 (M+H)\ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes, flow rate 1 ml/minute. Retention time: 11.75 minutes. 
Solvent A: H 2 O/0.1% TFA; Solvent B: CH 3 CN/0.085% TFA. Column type: 
5 HYPERPEP 300A: 



The (E)-2(R)-[l(S)-(benzyloxycarbamoylM 
(2(S)-methyIbutyl)-2'-[2-(lH-l l 2 > 3-triazol-l-yl)acetyl]valerohydrazide used as the 
starting material was prepared as follows: 

10 

In a manner analogous to that described in Example 8 from (E)-2(R)-[1(S)- 
(benzyloxycarbamoyl)-4-phenyl-3-butenyl]-4-methyl-2'-(2(S)-methylbutyl)valero- 
hydrazide and using 1,2,3-triazole-l -acetic acid in place of N-tert-butoxycarbonyl-(3- 
alanine there was obtained (E)-2(R)-[l(S)-(benzyloxycarbamoyl)-4-phenyl-3- 
15 butenyl]-4-methyl-2 , -(2(S)-methylbutyl)-2 , -[2-(lH-l,2 > 3-triazol-l-yl)acetyl]val^ 
hydrazide in the form of a gum. 
MS: 589 (M+H)\ 

Example 176 

20 

2(RH3-benzamido- 1 (S V(hvdroxvcarbamoYl)propvn-2'-f 2-( l H-imidazol- 1 -vnacetvll- 

2 -isobutyl-4-methvlvaIerohvdrazide 



A solution of 0.420 g of 2(R)-[3-benzamido-l(S)-(benzyloxycarbamoyl)propyl]-2 -[2- 
25 '(lH-imidazoI-l-yl)acetyl]-2 -isobutyl-4-methylvalerohydrazide in 5 ml of methanol 
was hydrogenated in the presence of 0.126 g of 5% palladium-on-carbon for 12 hours. 
The catalyst was removed by filtration and the solvent was evaporated. The residue 
was triturated with diethyl ether to give 0.304 g of 2(R)-[3-benzamido-l(S)-(hydroxy- 
carbamoyl)propyl]-2 -[2-(lH-imidazol-l-yl)acetyl]-2 -isobutyl-4- 
30 methylvalerohydrazide in the form of a white solid. 
MS: 515 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.12 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
35 HYPBDSC18. 
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The 2(R)-[3-benzamido-l(S)-(benzyloxycarbamoyl)propyl]--2-[2-(lH-imidazol-l- 
yl)acetyl]-2 -isobutyl-4-methyIvalerohydrazide used as the starting material was 
prepared as follows: 

(i) A solution of 1.0 g of (E)-2(R)-[l(S)-(tert-butoxycarbonyl)-4-phenyl-3- 
butenyl]-4-methyIvaleric acid in 10 ml of dimethylformamide was treated in 
succession with 2.0 g of potassium carbonate and 0.45 ml of benzyl bromide. The 
mixture was stirred at room temperature for 1 hour and then the solvent was 
evaporated and the residue was dissolved in ethyl acetate and washed with water until 
the water washings were neutral (pH=7). Drying over anhydrous magnesium sulfate 
and evaporation gave 1.28 g of (E)-benzyI-2(R)-[l(S)-(tert-butoxycarbonyl)-4-phenyl- 
3-butenyl]-4-methyl valerate in the form of an orange oil. 

(ii) A solution of 32.12 g of (E)-benzyl-2(R)-[l(S)-(tert-butoxycarbonyl)-4- 
phenyl-3-butenyI]-4-methylvalerate in 300 ml of dichloromethane was cooled 
to -78°C and ozone was then bubbled through the mixture for 2.5 hours. 35 
ml of dimethyl sulfide was then addded to the mixture and stirring continued 
overnight at room temperature. The solvent was evaporated to give an orange 
oil. This was dissolved in 300 ml of methanol, cooled to 0°C under nitrogen 
and then treated portionwise with 5.6 g of sodium borohydride. The mixture 
was then quenched with glacial acetic acid and evaporated. The residue was 
dissolved in ethyl acetate and washed sequentially with 2M aqueous hydrogen 
chloride, water, 5% aqueous sodium hydrogen carbonate and brine and then 
dried over anhydrous magnesium sulfate. Filtration and evaporation gave a 
residue which was purified by flash column chromatography on silica gel, 
using ethyl acetate/hexane (2:8 increasing to 4:6) for the elution, to give 15.3 g 
of of benzyl-2(R)-[l(S>(tert-butoxycarbonyl)-3-hydroxypropyl]-4- 
methylvalerate in the form of a pale yellow oil. 

(iii) A solution of 1.5 g of benzyl-2(R)-[l(S)-(tert-butoxycarbonyl)-3- 
hydroxypropyl]-4-methylvaIerate in 30 ml of dichloromethane was cooled to 
0°C under nitrogen and then treated with 3.3 ml of pyridine and 3.5 g of 
methanesulfonic anhydride. The mixture was stirred for 1 hour and then the 
solvent was evaporated. The residue was dissolved in ethyl acetate and 
washed sequentially with 2M aqueous hydrogen chloride, 5% aqueous sodium 
hydrogen carbonate and brine, and then dried over anhydrous magnesium 
sulfate. Filtration and evaporation gave a yellow oil which was purified by 
flash column chromatography, using ethyl acetate/hexane (2:8) for the elution, 
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(v) 

15 



20 

(vi) 



25 



30 



(vii) 

35 



to give 1.07 gof benzyl-2(RMl(S)-(tert-butoxycarbonyl)-3- 
methanesulfonylox>propyl]-4-methylvalerate in the form of a colourless oil. 
MS: 465 (M+Na)+ 

A solution of 1.0 g of benzyl-2(R)-[l(S)-(tert-butoxycarbonyl)-3- 
methanesulfonyloxypropyl]-4-methylvalerate in 10 ml of dry 
dimethylformamide was treated with 0.735 g of sodium azide and 0.034 g of 
sodium iodide and then heated under nitrogen at 50°C for 12 hours. The 
solvent was evaporated and the residue was dissolved in ethyl acetate and 
washed with water (2x). Drying over anhydrous magnesium sulfate, filtration 
and evaporation gave 0.88 g of benzyl-2(R)-[3-azido-l(S)-(tert- 
butoxycarbony))propyl]-4-methylvalerate in the form of a yellow oil. 

A solution of 0.880 g of benzyl-2(R)-[3-azido-l(S)-(tert- 
butoxycarbonyl)propyl]-4-methylvalerate in 10 ml of ethanol was 
hydrogenated in the presence of 0.090 g of 5% palladium-on-carbon for 12 
hours. The catalyst was removed by filtration and the solvent was evaporated 
to give 0.600 g of 2(R)-[3-amino-l(S)-(tert-butoxycarbonyl)propyl]-4« 
methylvaleric acid in the form of a white solid. 
MS: 274 (M+H)+ 

A solution of 1.0 g of 2(R)-[3-amino-l(S)-(tert-butoxycarbonyl)propyl]-4- 
methyl valeric acid in 20 ml of dichloromethane was cooled to 5°C under 
nitrogen and treated with 1.3 ml of triethylamine and a solution of 0.54 g of 
benzoyl chloride in 10 ml of dichloromethane. The mixture was stirred 
overnight at room temperature and then the solvent was evaporated. The 
residue was dissolved in ethyl acetate and washed with 2M aqueous hydrogen 
chloride and water. Drying over anhydrous magnesium sulfate, filtration and 
evaporation of the solvent gave a pale yellow oil which was purified by flash 
column chromatography on silica gel, using ethyl acetate/hexane (3:1), to give 
0.78 g of 2(R)-[3-benzamido-l(S)-(tert-butoxycarbonyl)propyI]-4- 
methylvaleric acid in the form of a colourless oil. 

A solution of 0.78 g of 2(R)-[3-benzamido-l(S)-(tert-butoxycarbonyl)propyl]- 
4-methylvaleric acid in 10 ml of dichloromethane was cooled to 0°C under 
nitrogen and treated sequentially with 0.80 ml of N-ethylmorpholine, 0.437 g 
of hydroxybenzotriazole hydrate, and 0.50 g of l-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide hydrochloride. The mixture was stirred 
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for 5 minutes at 0°C and then 1.1 g of isobutyl hydrazine was added. Stirring 
was continued overnight at room temperature and then the solvent was 
evaporated. The residue was dissolved in ethyl acetate and washed with 5% 
aqueous sodium hydrogen carbonate, water, 2M aqueous hydrogen chloride, 
and saturated aqueous sodium chloride. Drying over anhydrous magnesium 
sulfate, filtration and evaporation of the solvent gave 0.763 g of 2(R)-[3- 
benzamido-l(S)-(tert-butoxycarbonyl)propyl]-2-isobutyl-4- 
methylvalerohydrazide in the form of an off-white foam. 
MS: 448 (M+H)+. 

A solution of 0.763 g of 2(R)-[3-benzamido-l(S)-(tert- 

butoxycarbonyl)propyl]-2-isobutyl-4-methylvalerohydrazide and 0.780 g of 2- 
(lH-imidazol-l-yl)acetic acid hydrogen bromide in 8 ml of 
dimethylformamide was cooled to 0°C under nitrogen and treated with 0.45 ml 
of N-ethylmorpholine and 0.720 g of l-ethyl-3-(3- 

dimethylaminopropyl)carbodiimide hydrochloride. The mixture was allowed 
to warm to room temperature and stirred overnight. Evaporation of the solvent 
gave a residue which was dissolved in ethyl acetate and washed with water and 
saturated aqueous sodium chloride. Drying over anhydrous magnesium 
sulfate, filtration, and evaporation gave 0.914 g of 2(R)-[3-benzamido-l(S)- 
(tert-butoxycarbonyl)propyl]-2-[2-(lH-imidazol-l-yl)acetyl]-2-isobutyl-4- 
methylvalerohydrazide in the form of an off-white foam. 
MS: 556 (M+H)+ 

A solution of 0.907 g of 2(R)-[3-benzamido-l(S)-(tert- 
butoxycarbonyl)propyl]-2-[2-(lH-imidazol-l-yl)acetyl]-2-isobutyl-4- 
methylvalerohydrazide in 8 ml of dichloromethane was treated with 6 ml of 
trifluoroacetic acid. The mixture was stirred at room temperature for 2 hours 
and then the solvent was evaporated. The residue was dried in vacuo to give 
2(R)-[3-benzamido-l(S)-(carboxy)propyl]-2-[2-(lH-imidazol-l-yl)acetyl]-2- 
isobutyl-4-methylvalerohydrazide in the form of a pale orange oil. 
MS: 500 (M+H)+. 

A solution of 0.81 g of 2(R)-[3-benzamido-l(S)-(carboxy)propyl]-2 -[2-(lH- 
imidazol-l-yl)acetyl]-2-isobutyl-4-methylvalerohydrazide and 1.2 g of O- 
benzyl hydroxylamine in 4 ml of dimethylformamide was cooled to 0°C under 
nitrogen and then treated with 0.23 ml of N-ethylmorpholine and 0.350 g of 1- 
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride. The mixture 
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was allowed to warm to room temperature and then stirred overnight. The 
solvent was evaporated and the residue was dissolved in ethyl acetate. The 
ethyl acetate layer was washed with water and saturated aqueous sodium 
chloride and then dried over anhydrous magnesium sulfate. Filtration and 
evaporation gave a yellow oil which was purified by flash column 
chromatography on silica gel, using methanol/dichloromethane (2:98 
increasing to 10:90) for the elution. Trituration of the purified material with 
diethyl ether gave 0.420 g of 2(R)-[3-benzamido-l(S)-(benzyloxy- 
carbamoyl)propyl]-2 -[2-(lH-imidazol-l-yl)acetyI]-2 -isobutyl-4- 
methylvalerohydrazide in the form of a white solid. 
MS: 605 (M+H)+. 



Example 177 



15 



2rR)-f3-(Benzenesulfonamido)-KSV( r hvdroxvcarbamovl)propvn-2-f2-(lH>imidazol- 
l-vl)acetvll-2 -isobutvl-4-methvIvalerohvdrazide 

In a manner analogous to that described in Example 176, but using benzene sulfonyl 
20 chloride in the place of benzoyl chloride in step (vi), there was obtained 0.546 g of 
2(R)-[3-(Benzenesulfonamido)-l(S)-(hydroxycarbamoyl)propyl]-2 -[2-(lH-imidazol- 
l-yl)acetyl]-2 MSobutyl-4-methylvalerohydrazide in the form of a white solid. 
MS: 551 (M+H)+ 

HPLC: Gradient elution using solvent A containing 5% solvent B increasing to 95% 
25 solvent B over 15 minutes; flow rate 1 ml per minute. Retention time: 10.40 minutes. 
Solvent A: H2O/0.1% TFA; solvent B: CH3CN/0.085% TFA. Column type: 
HYPBDSC18. 
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1. Compounds of the general formula 



wherein 
Rl 



R2 



R3 



R4 

R 5 and R<> 

Het 
X 
m 
n 



R' 



HO. 




N' 



(I) 



represents lower alkyl, lower alkenyl, lower cycloalkyl, lower 
cycloalkyl-lower alkyl, aryl or aryl-lower alkyl; 
represents an acyl group derived from an a-, (3-, y- or 8-(amino, 
hydroxy or thiol)carboxylic acid in which the amino, hydroxy or thiol 
group is optionally lower alkylated or the amino group is optionally 
acylated, sulphonylated or amidated and in which any functional 
group present in a side-chain is optionally protected, or a group of the 
formula Het(CH2) m CO; 

represents hydrogen, lower alkyl, halo-lower alkyl, cyano-lower alkyl, 
amino-lower alkyl, hydroxy-lower alkyl, lower alkoxy-lower alkyl, 
lower alkoxycarbonyl-lower alkyl, lower cycloalkyl-lower alkyl, aryl- 
lower alkyl, heterocyclyl-lower alkyl, heterocyclylcarbonyl-lower alkyl, 
lower alkenyl, lower alkynyl, lower cycloalkyl, aryl-lower alkenyl, aryl 
or heterocyclyl; 

represents lower alkyl, lower alkenyl, lower cycloalkyl, lower 
cycloalkyl-lower alkyl or a grouping of the formula X-aryl, 
X-heteroaryl or -(CH2) n -CH=CR 5 R 6 ; 

together represent lower alkylene in which one CH2 group is 

optionally replaced by a hetero atom; 

represents heterocyclyl; 

represents a spacer group; 

stands for 0, 1, 2, 3 or 4; and 

stands for 1 or 2; 



30 and pharmaceutical^ acceptable salts thereof. 



2. Compounds according to claim 1, wherein R 2 represents an acyl group 
derived from an a- or P-(amino, hydroxy or thiol)carboxylic acid in which the amino, 
hydroxy or thiol group is optionally lower alkylated or the amino group is optionally 
35 acylated, amidated or sulphonylated, and in which any functional group present in a 



o o 

WO 00/00465 PCT/EP99/04223 

side-chain is optionally protected, or a group of the formula Het(CH2)mCO in which 
m stands for 0, 1 or 2. 

3. Compounds according to claim 1 or claim 2, wherein R 1 represents 
5 lower alkyl or lower cycloalkyl-lower alkyl. 

4. Compounds according to claim 3, wherein R* represents isobutyl, 
cyclobutylmethyl or cyclop en tylm ethyl. 



10 5. Compounds according to any one of claims 1 to 4, wherein R 2 

represents an acyl group derived from an a-aminocarboxylic acid or from an Ct- 
hydroxycarboxylic acid. 

6. Compounds according to any one of claims 1 to 4, wherein R 2 

15 represents a group of the formula Het(CH2)mCO, wherein m has the significance 

given in claim 1 or claim 2. 

7. Compounds according to any one of claims 1 to 6, wherein R^ 
represents lower alkyl, halo-lower alkyl, lower cycloalkyl-lower alkyl, aryl-lower alkyl, 

20 aryl or heterocyclyl. 

8. Compounds according to claim 7, wherein R^ represents lower alkyl. 

9. Compounds according to claim 8, wherein R^ represents isobutyl. 

25 

10. Compounds according to any one of claim 1 to 9, wherein X represents 
a grouping of the formula -(CH 2 ) p -Y-(CH 2 ) q - in which p and q each independently 
stand for 0, 1, 2, 3, 4 or 5 and Y is absent or represents -CH=CH-, -C=C-, -S-, -O-, - 
NH-, -NHCO-, -CONH-, -S0 2 -, -NHS0 2 -, -SO.NH-, -NHCONH- or -NHS0 2 NH-. 

30 

11. Compounds according to claim 10, wherein X represents a grouping of 
the formula -(CH2)p-> -CH2-CH=CH-, -CH2-C=C-, -CH2NHCO-, 
-(CH2) n NHCONH-, -(CH 2 ) p -S-, -S-, -CH2NHSO2-, -CH 2 NHCH 2 -, -(CH 2 ) p -0- or 
-0-(CH2)q-, wherein n has the significance given in claim 1 and p and q stand for an 

35 integer of 1 to 5. 

12. Compounds according to any one of claims 1 to 1 1, wherein R 4 
represents a grouping of the formula X-aryl, wherein X has the significance given in 
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13. Compounds according to claim 12, wherein R^ represents a grouping 
of the formula -CH2~CH=CH-Ph in which Ph represents unsubstituted phenyl. 

14. A compound selected from the group consisting of: 

(E)-2'-(D-Alanyl)-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'- 
isobutyl-4-methylvalerohydrazide, 

(E)-2(R)-[l(S)-(Hydrox7carbamoyl)-4-phenyl-3-butenyl]-2'-(2(R)- 
hydrox\'propionyl)-2 , -isobutyl-4-methylvalerohydrazide, 

(E)-2(R)-[l(S)-(Hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-[2-(l- 
imidazolyl)acetyl]-2'-isobutyl'4-methylvalerohydrazide, 

(E)-2(R)-[l(S)-(Hydrox}xarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-4- 
methyl-2 , -[(4-piperidinyl)carbonyl]valerohydrazide, 

and pharmaceutically acceptable salts thereof. 

15. 2 > -Benzyl-2(R)-[l(S)-(hydroxycarbamoyl)-4-phenylbutyI]-4-methyl- 
2 -[2-(lH-l,2,3-triazol-l-yl)acetyl]valerohydrazide or a pharmaceutically acceptable 
salt thereof. 

16. Compound of the general formula 




wherein R* and R^ have the significance given in claim 1, R? 
represents a protecting group, R^O has the same significance as R^ in claim 1 
provided that in the case of an acyl group the amino, hydroxy or thiol group 
(when not lower alkylated, acylated, sulphonylated or amidated as specified 
under R 2 ) is optionally protected and any functional group present in a side- 
chain is optionally protected and R 30 has the same significance as R 3 in claim 
1 provided that any amino or hydroxy group present therein is optionally 
protected. 

17. Compounds according to claim 16, wherein R? represents tetrahydro- 
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pyranyl, benzyl, 4-methoxybenzyl or tri(lower alkyl)silyl. 

18. A compound according to any one of claims 1 to 15, or a pharma- 
ceutical^ acceptable salt thereof, for use as a therapeutically active substance, 

5 especially as a therapeutically active substance in the treatment of inflammatory and 
autoimmune diseases, osteoarthritis, respiratory diseases, tumours, cachexia, 
cardiovascular diseases, fever, haemorrhage and sepsis. 

19. A process for the manufacture of the compounds claimed in any one of 
10 claims 1 to 15 and their pharmaceutical^ acceptable salts, which process comprises 

cleaving off the protecting group denoted by R 7 and, as required, any protecting 
group(s) present in R 2 0 and or R 30 from a compound of the general formula 

R 4 O R 30 

15 

wherein R 1 and R 4 have the significance given in claim 1, R 7 
represents a protecting group, R 20 has the same significance as R 2 in claim 1 
provided that in the case of an acyl group the amino, hydroxy or thiol group 
(when not lower alkylated, acylated, sulphonylated or amidated as specified 
20 under R 2 ) is optionally protected and any functional group present in a side- 

chain is optionally protected and R 30 has the same significance as R 3 in claim 
1 provided that any amino or hydroxy group present therein is optionally 
protected, 

and, if desired, converting a compound of formula I obtained into a pharmaceutical^ 
25 acceptable salt. 

20. A medicament containing a compound according to any one of claims 
1 to 15 or a pharmaceutical^ acceptable salt thereof and a therapeutically inert carrier 
material. 

30 

21. A medicament for the treatment of inflammatory and autoimmune 
diseases, osteoarthritis, respiratory diseases, tumours, cachexia, cardiovascular 
diseases, fever, haemorrhage and sepsis, containing a compound according to any one 
of claims 1 to 15 or a pharmaceutical^ acceptable salt thereof and a therapeutically 

35 inert carrier material. 



o 



o 



WO 00/00465 PCT/EP99/04223 
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22. A process for the production of a medicament, especially a medica- 
ment for the treatment of inflammatory and autoimmune diseases, osteoarthritis, 
respiratory diseases, tumours, cachexia, cardiovascular diseases, fever, haemorrhage 
5 and sepsis, which process comprises bringing a compound according to any one of 
claims 1 to 15 or a pharmaceutically acceptable salt thereof into a galenical 
administration form together with a therapeutically inert carrier material and, if 
desired, one or more additional therapeutically active substances. 

10 23. The use of a compound according to any one of claims 1 to 15 or a 

pharmaceutically acceptable salt thereof in the treatment of illnesses, especially in the 
treatment of inflammatory and autoimmune diseases, osteoarthritis, respiratory 
diseases, tumours, cachexia, cardiovascular diseases, fever, haemorrhage and sepsis. 

15 24. The use of a compound according to any one of Claims 1 to 15, or a 

pharmaceutically acceptable salt thereof, for the manufacture of a medicament for use 
in the treatment of illnesses, especially in the treatment of inflammatory and 
autoimmune diseases, osteoarthritis, respiratory diseases, tumours, cachexia, 
cardiovascular diseases, fever, haemorrhage and sepsis. 

20 

25. Compounds according to any one of claims 1 to 15 and their pharma- 
ceutically acceptable salts, when manufactured according to the process claimed in 
claim 19 or according to a process equivalent thereto. 



25 



26. The invention as hereinbefore described. 
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